AMERICAN WATER WORKS ASSOCIATION 


iy The Association is not responsible, as a body, for the facts and opinions 
advanced in any of the papers or discussions published in its proceedings 
Discussion of all papers is invited 


VoL. JUNE, 1928 No. 6 


Courts and commissions recognize the existence of unaccounted- 
for water and take it into their calculations in fixing rates. Only 
recently the Wisconsin Railroad Commission in the matter of water 
rates in the City of Two Rivers, P. U. R., 1926 B, page 769 says: 


It requires considerable expense in the operation of a water utility to keep _ 
the mains filled with water under pressure, even if no consumer takes water 
from the mains. On an average from 30 to 60 per cent (in some cases more) 
of the water leaving the pumping station is unaccounted for. In other words, — 
there would be at least 30 per cent as much water pumped, if there was no — 
water being drawn by customers, due to unavoidable leaks in mains and 
service pipes, defective joints or pipes, wastage during breaks, etc. 


A rating schedule for water charges must take unaccounted-for 
water into consideration. 

Unaccounted-for water is defined by the Manual of Water Works 
Practice as “that portion of the water flowing into a distribution 
system which is not delivered to the consumer.” Water waste is 
defined as “water which is not drawn to serve effectively a useful 
and legitimate purpose.” 

There is often confusion as to the meaning of the term “unac- 
counted-for water,” as you will readily discover by studying the 


1 Presented before the Indiana Section meeting, March 16, 1928. ~ 
? Chief Engineer, Indianapolis Water Company, Indianapolis, Ind. 2191 
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W. C. MABEE 


answers received to the questionnaire sent out by the Indianapolis 
Water Company. 

There is a tendency to group water allotted to public uses, such as 
fire fighting, flushing streets, sewers, unmetered services, under- 
registration of meters and underground leakage into a lump and call 
that unaccounted-for water. Much of this so-called unaccounted- 
for water is delivered to the consumer and is, therefore, in the language 
of the definition above quoted accounted for, having served effectively 
a useful and legitimate purpose. 

Water waste is another matter and it may or may not have been 
measured to the consumer. 

If Indianapolis, for instance, were to report its unaccounted-for 
water as embracing water not metered, but used for public purposes, 
plus leakage and unauthorized use the report would read 18 per cent 
of its total pumpage; whereas, if a reasonable allotment of legitimate 
use to public and other known uses is made, confirming the answer 
to the definition above given, that is, water not delivered to the con- 
sumer, the percentage is 10.7 per cent approximately. 

It seems, therefore, that water that can reasonably be accounted 
for as having been used by the consumer, whether it be the fire depart- 
ment, public street sprinkling, flushing of sewers, water for swimming 
pools, public parks and municipal buildings or other legitimate pur- 
poses, is not unaccounted-for water, although frequently classified as 
such. 

No water works system can reasonably be expected to account for 
all of the water that enters its distribution mains. There are unavoid- 
able losses due to underground leaks that it would not pay to uncover 
and repair, under-registration of meters that in some instances would 
cast more to keep operating at an efficiency of 100 per cent than the 
value of the water saved. There is an economical efficiency beyond 
which there would be no profit. 

On the other hand, there are large losses in underground leaks, 
under-registration of meters and unauthorized uses that could very 
profitably be recovered. Some of these losses which have recently 
come to my attention I will touch upon later. 

An occasional check up should be made for unaccounted for water to 
keep it within bounds. Unaccounted-for water that exceeds an 
economic limit is an economic waste; the money value of which will 
depend upon local considerations, but which will in most instances 


represent a substantial loss of revenue. i eS 
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UNACCOUNTED-FOR WATER 641 


Water that has been purified and pumped represents invested capi- 
tal in plant, operation, materials, supplies and maintenance. This 
S represents its value and it should be conserved as other commodities 
. are conserved. *If, by means of water waste surveys, water preven- 
| tion, more accurate meter measurements, or other means of decreas- 
ing consumption, without restricting legitimate use, a saving can be a 7 
effected, the conservation of the water supply means deferring the time : 
when additional supply will have to be provided involving a corre- - 
sponding outlay for boilers, pumps and buildings. - ; 

The term ‘economic limit” implied in the language of E. K. Wilson, 

Chief Engineer of the Pitometer Company, referring to unaccounted- a 
for water and under-registration of meters, was “that point beyond a. 
which more frequent testing brings in returns less than the cost of 

the work; probably 85 per cent would be a fair figure.” = 

Mr. E. D. Case, Vice President and General Manager of the same 
company, commenting on this same subject in a recent letter to the 
writer says: “It is my opinion that every metered city should account 
for at least 85 per cent of the total consumption, and it is possible by 
present up-to-date methods to increase this figure to the economical 


munities alike, and the economic limit in one place would be a differ- 


limit.” 
There is, of course, no hard and fast rule that will apply to all com- . 
ent figure in another, depending on local conditions. 7 


ACCOUNTING FOR WATER CONSUMPTION 


tion into at least two divisions; one industrial and the other domestic. 
More divisions are preferable, but these two are indispensable if we 
are to compare consumption figures. Having acquired the habit of 
reporting consumption per capita as one figtire, however, without 
reference to the industrial consumption, we go on reporting consump- 
tion in this unscientific manner. 

We had occasion recently to study the distribution of water in 
Indianapolis where we are about 50 per cent metered, with reference 
to ascertaining the amount of unaccounted for water that we were 
pumping into the system and which at first glance seemed to be a 
large part of our pumpage. As a preliminary step in making this 
study we decided to compare our consumption of water with other 
cities and to that end sent out a questionnaire to several hundred 


cities, large and small, and widely separated. 2 sss 
lo 


For years engineers have been advocating a separation of consump- : | 
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642 . C. MABEE 

These answers have been tabulated and show the data in a con- 
densed form, arranged alphabetically by groups according to popu- 
lation, which is made part of this paper. 

The next step was to analyze our pumpage by subdividing it into 
five groups as follows: (1) industrial, (2) commercial, (3) domestic, 
(4) public and (5) unaccounted for; tabulating the annual and daily 
consumption in million gallons and reducing these to gallons per capita 


per day and to per cent of total pumpage. 
The service was itemized as follows: wt 


1. Industrial use. Industrial service included railroads, factories, utilities, 


manufacturing plants, dairies, ice plants, laundries, etc. 

2. Commercial use. Stores, offices, clubs, hotels, office buildings, hospitals, 
schools, colleges, theatres, churches, barber shops, garages, etc. 

3. Domestic use. Apartments and residences. 

4. Public use. Municipal buildings, parks, play grounds, swimming pools, 
+ @ fire protection, fountains, parkway sprinklers, building construction, flushing 
@ streets, sewers, water mains and ditches. 

5. Unaccounted-for water. Unavoidable leakage in mains and services, 
unauthorized use of water, extraordinary meter slip and water otherwise 
unaccounted for. 

a 


A minimum allowance for under-registration of meters was’ made 
or each division where service was metered. 
Considering the questionnaire so far as Indianapolis is concerned 


- our studies disclose the following: 
Daily per capita 89.3 gallons 
Per cent of pumpage registered on customers meters.. 56 be 
7 
Per cent of all services 45.8 aur, 
Per cent of domestic services metered................. 41 
a Per cent of industrial and commercial services metered. 96% iy AP we >. 


Per cent of pumpage unaccounted for: niaydenpepe 


These studies disclosed the percentages given above which from — 
an inspection of the tabulation does not appear to be an unusual 
quantity of unaccounted for water. 


If underground leakage and unauthorized water only y in 
If unmetered public uses, under-registration of Vai aes 
meters, underground leakage and unauthorized 
Per cent under-registration of meters assumed as about 5 3a alt 
Frequency of meter testing; at least every six years for ee 
small meters, yearly for large meters. , 
Have studies of unaccounted for water been made?.... Yes ae 
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No steps have been taken to decrease the amount of unaccounted © 


for water as yet. real 
COMPARING CONSUMPTION 


Statistics are apt to be misleading unless all of the facts and con- 
ditions are known. To arrive at a comparable tabulation the indus- 
trial and commercial uses must be excluded from the total, because of 
the wide variation in industrial use of water in the different cities. 
The remaining consumption represents public use, domestic use and 
unaccounted for leakage or other loss. 

In the tabulation herewith presented we have been unable to check 
up average daily pumpage and per capita consumption with popula- 
tion figures in many instances, and have observed a lack of standard _ 
practice in the matter of reporting under-registration of meters andin _ 
unaccounted-for water. 

In general, I believe that most water works superintendents con- @ 


a 
sider unaccounted-for water the difference between the quantity of © * 
water metered to consumers and the quantity entering the distribu- 7 ” 
tion stem. 


It has frequently been found i in the absence of a master meter the = 7 
plunger displacement of reciprocating pumps has been taken as the 
measure of water entering the distribution system and that the quan- 
tity has been grossly exaggerated. Instances have been known where | - 
the discharge valve from a pump has been completely closed and the | ~~ 
pump has gone on churning. 

Allowances for pump slip are sometimes taken as low as 2 per cent, — 
usually as 4 or 5 per cent and it is not unusual to find upon careful 
test that pump slip may far exceed 5 per cent and may be as much as 
30 per cent of the theoretical displacement of the pump plungers. 

So that in considering data presented, allowance must be made for _ 
the source of the information and the judgment of the person sup-— 
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UNDERGROUND LEAKAGE 
Underground leakage usually represents the largest element of 
unaccounted-for water. It occurs at pipe joints, service connections, 
broken pipe or broken services, at blow-off connections or in valves. 
It is caused by poor workmanship in making joints when pipe was 
laid or has developed from settlement, or injury occuring after pipe 
was laid and is not infrequently due to electrolysis, sometimes caused 
by the corrosiveness of the soil and often caused by stray electric cur- 
rents leaving the metal structure. 

While it is possible to make pipe joints absolutely tight, a certain 
amount of underground leakage is considered unavoidable. Engi- 
neers often specify a tolerance of 200 or 300 gallons per inch diameter 
per mile of pipe in 24 hours in new systems. The Pitometer Com- 
pany considers 3000 gallons per mile of pipe per day a reasonable al- 
lowance for unavoidable underground leakage, after all reasonable 
precautions have been taken to stop leaks. 

There are many water systems, no doubt, that have been fortunate 
enough to keep underground leakage below this allowance, but there 
are many more that are not so fortunate. For instance, the city 
of Chicago in 1926 tested 66 miles of mains in advance of street pav- 
ing, and found underground leakage of 10,000 gallons per day per 
mile; 90 per cent of which was stopped. 

The city of Philadelphia, now conducting a pitometer survey for 
water waste, found underground leakage on a section embracing 626 
miles of pipe, amounting to 10,250,000 gallons per day, or in excess of 
16,000 gallons per mile of pipe per day, which will, as a result of this 
survey, be reduced to a minimum. , 

During the past eleven years Chicago has discovered underground 
leakage on 668 miles of pipe, which has averaged about 13,000 gallons 
per day per mile of pipe. 

The city of Cincinnati, in 1925 and 1926, found and stopped leak-. 
age amounting to 5,000,000 gallons per day, or 10 per cent of their 
total pumpage. The survey covered about 800 miles of mains which 
is equivalent to about 6250 gallons per day per mile of pipe. 

The city of Detroit located and stopped leakage in mains and serv- 
ices as a result of a pitometer survey made in 1919 and 1922 amount- 
ing to 9,500,000 gallons per day over 1151 miles of mains, which is 
equivalent to 8300 gallons per day per mile, since which time the city 
of Detroit has organized its own pitometer department and carry on 
continuously. 
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UNACCOUNTED-FOR WATER 


Underground leakage such as that described above was impercep- 
tible on the surface. The leaks were of such a character that the water 
was readily dissipated into the soil or into the nearest sewer without 
showing on the surface. 

One superintendent wrote that he was able to discover leaks by 
observing after a snow storm the wet places in the snow and would 
mark the spots for future attention. Others inspected sewers periodi- 
cally to discover abnormal flows which would indicate leaks or exces- 
sive waste. 

Underground leaks, beginning in a small way, may, after the lapse 
of time, assume substantial size and cause considerable damage by 
undermining pavement. A break in a water main may exist and con- 
tinue for an indefinite period, discharging into a sewer manhole and 
may never be discovered unless a search is made for just such a con- 
dition. 

Too often service pipes are installed in the same trench, as the house 
sewer. This is an invitation for trouble, as a leak may occur on the 
service pipe and the water escape into the sewer without detection. 

The aquaphone, or listening device, is often employed to locate 
leaks. It is often difficult to detect underground leaks by this method 
in a large city, because of the noise of the busy street. 

Blow-off connections into streams or sewers may have been left 
open. Stuffing boxes of valves are frequently found leaking and in 
many cases are difficult to prevent. The kind of packing used has 
a large influence on leaks of this character. 

Submarine leaks may be discovered by forcing compressed air 
into the pipe and observing bubbles on the surface. 

Longer lengths of pipe are now being advocated to reduce the 
number of joints and consequently the quantity of leakage; one-third 
of the joint leakage can be prevented by the use of pipe in 18 foot 
lengths. 

One of the most enlightening answers to the questionnaire came 
from the city of Akron, Ohio, which is 100 per cent metered, where 
the water department has evidently been studying “unaccounted-for 
flow” for the past seven years. The percentage of unaccounted-for 
flow for this period averaged 23 per cent, but during the last four 
months of 1927 had been reduced to 12 per cent of the total pumpage. 
This reduction was brought about by ‘conducting a continuous street 
survey covering hydrant, valve, curb cock, sill cock and general sur- 
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~ Unaccounted-for flow in Akron “includes illegal use of water, leak- 
age, street flushing, testing, ‘sewer flushing, water main flushing, 
construction, fire fighting and meter under-registration.” 

In Akron practically all new mains are laid by water works force 
account. ‘Construction specifications have been changed to require 
new mains to ome a leakage test of less than 100 gallons per inch mile 
24 hours.” “Results obtained average 30 gallons per 
inch mile per 24 hours before actual acceptance.’ 

Here then is a shining example for the water works fraternity to 
emulate. 

Baltimore, with 19 per cent of its domestic accounts and 100 per 

cent of its industrial and commercial accounts metered, reports 18.4 
per cent unaccounted for and allots 8 per cent of this to municipal use 
and 10.4 per cent to waste (leakage?). 
Chicago has a daily per capita consumption of 292.5 gallons and 
— records 31.4 per cent through individual meters, which supply 16.1 
per cent of the services. The city engineer reports 10 per cent of the 
pumpage chargeable to underground leaks, pump slip, ete., and 
about 7 per cent of this to under-ground leakage. 

Cincinnati, which meters all revenue producing consumption, ac- 
counts for 75.5 per cent of the total. Water used for fire protection, 
street cleaning, public buildings, parks, etc., is not metered. 

Cleveland, which is 100 per cent metered, accounts for 73.5 per 
cent through meters. 

Vs, Kansas City, Missouri, which is 84.6 per cent metered, accounts 
for 75 per cent of its pumpage through meters, estimates free water 
at 12 per cent, waste, leakage and under-registration of meters 10.1 
per cent and flat rate domestic 2.9 per cent. 
New Orleans delivers 47.9 m.g.d. into its distribution system (110 
gallons per capita per day), of which 68 per cent is recorded through 
consumers meters. All of the domestic accounts are metered and all 
of the industrial and commercial accounts except fire sprinkler 
connections. 
_ New York City has a daily per capita consumption of 144 gallons, 
uses 867 m.g.d. and records 26 per cent through individual meters. 
Three per cent of the domestic accounts are metered and 21 per cent 
of industrial and commercial. Forty-two per cent of total municipal 
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UNACCOUNTED-FOR WATER 


Leakage from plumbing fixtures of domestic consumers and free users is 
estimated to be 25 per cent of total supply to city; meter slippage 6 per cent 
of total supply; underground leakage from water mains and service pipes 11 
per cent of total supply. 


The following comment is made respecting efforts to check water 
waste: 


House to house inspections have been made to stop leakage from plumbing 
fixtures as temporary expedients to conserve supply during time of shortage 
of water. The saving made during such inspections is lost in about two years 
time... . . Underground waste work has been carried on for a number of 
years with excellent results, but the size of the force engaged in this work has 
been too small to cover the city in a systematic manner. 


Washington, D.C., reports having located and stopped underground 
leakage amounting to 40 million gallons daily; the daily per capita 
consumption ise now 157 gallons and the total consumption 68.7 
m.g.d., of which 44.2 m.g.d. is recorded through individual meters; 
85 per cent of all water services being metered. No record of un- 
accounted-for water is kept, due to unmetered use by Federal and Dis- 


trict Government. 


UNAUTHORIZED USE OF WATER” 


* 


There have been instances where water has been taken from fire 
sprinkling connections, from services and from mains and not paid 
for until discovered by the sleuths of the water department. Some- 
times this illegal use of water is unintentional, accidental perhaps, 
but no such user of unauthorized water will admit that water was 
taken with malice afore-thought. 

The illegal use of water is not a recent practice. It was known and 
practiced in Rome several thousand years ago. tA ae 

Recently, I happened on to this ad in a comic paper: _ 

Wanted: Burly beauty-proof individual to read meters in Sorority houses. 


We have not made a nickel in two years. The Water Company. 


UNDER-REGISTRATION OF METERS 
There is considerable difference of opinion touching the subject of 
unaccounted-for water as affected by under-registration of meters and 
it is hardly to be expected that there would be an agreement on this 
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TABLE 1 
Data on frequency of meter test 


MABEE 


| 


FREQUENCY UF TEST 


Baltimore 
Buffalo 


Cincinnati 


Cleveland 
Denver, Colorado 


Kansas City, Missouri 
Louisville, Kentucky 
Minneapolis 
New Orleans 


Des Moines, Iowa 
Duluth, Minnesota 
Fall River, Massachusetts 
Hartford, Connecticut 
Memphis, Tennessee 


Nashville, Tennessee 


New Bedford, Massachusetts 
New Haven, Connecticut 


Reading, Pennsylvania 


Salt Lake City 
Somerville, Massachusetts 


Utica, New York 


Wilmington, Delaware 
Worcester, Massachusetts 


Ashville, North Carolina 
Bangor, Maine 


‘*Every three years’’ 

‘Approximately every two years’’ 

‘‘1-inch meter when 400,000 cubic feet 
have passed through same; other 
sizes in proportion”’ 

‘‘Whenever fluctuations of consump- 
tion warrant”’ 

“Upon request”’ 

“‘No regular program at present; are 
contemplating yearly tests’’ 

‘‘When bill indicates meter is off’’ 

“Upon complaint” 

‘‘About five years on average”’ 

“Only when they are removed for 
cause or suspicion’ 

“‘When meter readings indicate meter 
to be out of order’ 4 


“‘No set time for testing’’ 


‘‘Every four years”’ 

“‘Only when in need of repairs’’ 

“No regular figuring” 

‘Whenever the ‘‘unaccounted-for” 
fluctuation arises’’ 

“Only when revenue shows a notice- 
able decrease”’ 

‘‘We mean to test every five years’’ 

‘*2-inch and over yearly; small meters 
every five years’’ 

“‘J-inch and over annual 3-inch and 
under every five years’’ 

‘‘When meters are repaired” 

‘‘We have not reached the point of 
regularity in this respect’’ 

‘‘Small meters tested. every 100,000 
cubic feet; large meters once a year”’ 

specified time for tests’’ 

‘No regular tests but believe two-year 
periods for the tests of all meters 
would be an excellent system 

‘*No system”’ 

“Once a year”’ 
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TABLE 1—Continued 


NAME 


FREQUENCY OF TEST 


“When they come to the shop for 
repairs or when consumers complain 
that their bills are too high’”’ 

“In accordance with Illinois Com- 
merce Commission as follows: 

§-inch meter—150,000 cubic feet 
delivery or every 10 years 

j-inch meter—300,000 cubic feet 
delivery or every 5 years 

l-inch and 2-inch and over every 
four years”’ 

‘*Publie Utilities Commission requires 
a test every 60 months. We test 
2-inch meters once a year and larger 
meters twice a year’’ 

‘*$-inch meter when brought to shop 
for repairs and under rule of Public 
Service Commission when 50,000 
cubic feet have been registered, or 
at least once in ten years. j-inch 
meters when 100,000 cubic feet have 
been registered, or once in eight 
years. l-inch meter when 200,000 
cubic feet have been registered, or 
once in six years. All meters above 
1-inch once in four years’’ 


TABLE 2 
Composite water consumption of cities responding to questionnaire 
WATER ALLOTTED TO 
or 
PUMPAGE OR SUPPLY UNDERGROUND 
NUMBER OF CORTES BETERING LEAKAGE, UNDER- 
POPULATION OF CONSUMPTION DISTRIBUTION 
CITIES PER DAY MAINS REGISTERED 
BY UNAUTHORIZED 
saith USE OR OTHERWISE 
UNACCOUNTED FOR 
gallons per cent 
160 25,394, 427 98 . 67 
24.72 
158,715 
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Denville, | 

Stamford, Connecticut............ 

Wilkinsburg, Pennsylvania........ 

= 

ay 
> 


subject, since the conditions surrounding the standard practice of 
different communities respecting meters vary so widely. 
Independence, Missouri, has this to say: 


It isour opinion, based on some rather careful tests, that the under-registra- 
tion of meters in service is generally placed at too low an estimate. We have 
had some rather startling disclosures on domestic, as well as the larger in- 
dustrial services. We cannot help but believe from the examination of dif- 
ferent reports where the percentage of unaccounted for pumpage is set up, 
that most officials have, like ourselves, been prone to lower the odious ‘‘un- 
accounted for’? statement at the expense of estimated flat rate or other un- 
metered legitimate use. 


Mr. George G. Earl, General Superintendent of the Sewerage 
and Water Board of New Orleans, places his “guess” at 30 per cent. 
In answer to the question “How frequently do you test these meters 
for accuracy,” Mr. Earl comments thus: 


Only when they are removed for cause or suspicion. I cannot see where 
the accuracy of the meter enters, since all }-inch meters on small consumers 
will not record anything at say 100 gallons per day of small constant waste 
drafts, and often will not record on double this rate, and such rates of con- 
stant waste are of frequent occurrence. 


New York City estimates the under-registration of water meters 
to be 25 per cent of the recorded consumption and Wm. W. Brush, 
Chief Engineer of Bureau of Water, makes this comment: 


Meter slippage is due most to meters too large for the service. Meters are 
owned and maintained by the consumer which makes it difficult to apply 
simple remedial measures. 


On the other hand, Rochester, New York reports that the average 
percentage of under-registration of meters is ‘not over 2 per cent;” 
Chicago says “3 per cent on disc meters;” Buffalo 2 per cent; Balti- 
more 1.75 per cent and so on. 

Mr. E. D. Case, Vice President and General Manager of the Pitom- 
eter Company, who has had considerable contact with meter test- 
ing, in discussing allowable slip on domestic service meters expressed 
the opinion “that in a well operated plant the slip should not exceed 
more than 5 per cent and may be kept as low as 3 per cent if proper 
methods are used.” 

Many cities of considerable importance have apparently given little 
thought to this subject and are not prepared to venture a guess, and 
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UNACCOUNTED-FOR WATER 


in some cases where they have attempted to answer this question the : 
answer has been based on shop tests at normal flows. a 

That it is possible to have large unrecorded flows and under-re- 7 
corded flows due to “small constant waste drafts,” as Mr. Earl 
expresses it, there is no doubt. 

Only recently, the Indianapolis Water Company conducted tests 
on eight 32-inch meters, taken out of the system, having been in service 
from one and a half to four years, and tested these meters at minimum 
flow and at full flow. The average results from this test indicated 
that with a minimum flow of 252 gallons per day the under-registra- 
tion was 21.3 per cent, while the same meters at full flow indicated an 
under-registration of 0.75 per cent. By minimum flow is meant that 
flow at which the meter began to function, or the least flow necessary 
to start the meter. 

The subject of under-registration of meters is one which offers a 
large and fertile field for original research, as there is much need for 
more better information. 


There is also need for standard practice rules and regulations govern- 
ing meter testing inasmuch as the accuracy of meters effects ‘““Un-- 
accounted-for water.” Some cities have adopted definite testing 
schedules. Many cities remove and test meters when they stop == 
functioning or when there is a suspicion that the meter is not properly ' 
recording flow or when “marked variations oecur,”’ “ten years on the © 
average,” “when they stop.” The city of Akron, Ohio, states — 
‘<ndustrial and commercial meters are read weekly and consumption — 
data curves prepared. When discrepancies appear a field test is 
made.” 

Table 1 shows the data on the question of meter testing. .In- 
general the period set for testing meters where a rule is followed 


; 4 
appears to be five years. j 7: 


Mr. Moore: Mr. Mabee has given a great deal - thought oie 
preparation of this paper. I hope there will be some discussion. I 
should like to ask Mr. Mabee how he estimates consumption for — 


if 
| 
| 


DISCUSSION 


Mr. MaBee: Unmetered domestic use in this city is based on ser- 
vices. The general average of the number of persons per service in 
Indianapolis is five and one-half. Eight thousand water services 
would mean 40,000 water users, figuring five persons per service, 
and figuring around 50 gallons per day, I have arrived at the un- 
metered domestic use. 

As to the metered domestic consumption, the average daily per 
capita consumption is 37 gallons. The weighted average is 37 
gallons per capita per day for domestic consumption. If you over- 
estimate the consumption of unmetered domestic water that will 
make a difference in the unaccounted-for water. The factor of free 
water is important. Where schools, city use, even the use of flushing 
sewers by hose, are metered, that shows in the results as about 20 
per cent of the unaccounted-for water. 


Mr. Dursin: We have 100 per cent meters at Terre Haute and 
10 sprinkler supply systems. We find consumption is about 120 
gallons per consumer, 24 or 25 gallons per person. Our actual is 120 
gallons per tap or per live consumer. We have in Terre Haute a 
master meter totalling 83.5 per cent actually registered. We do not 
have any way of determining fire hydrants, sewers, fires, flushing and 
distributing free water and we have no way of accounting for that. 
We estimate 5 per cent is accounted for under meter slip, and 10 per 
cent under-registration and unauthorized. In regard to testing meters 
I will say that we have placed quite a few meters on the test bench 
during the past few years. Ten or 15 per cent of the 100 gallons per 
day will slip through them, that is, they register within 90 per cent 
of the actual amount. There is a great amount of wastage due to 
small drip from the faucet, and 5 per cent would be a minimum 
allowance. 


Mr. Brossman: I should like to ask about pump slip. I am not 
quite clear about pump slip. Is the pump slip included in the 24 
per cent? Why should pump slip be included? That water is 
never getting into your mains. I do not think that is correct, but I 
can see your side of it. 


Mr. MaBee: Most people discount slip before they set up 100 per 
cent. After they set up they do not take pump slip into considera- 
tion, making a reasonable allowance for pump slip in advance. The 
point is well taken. 
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THE DESIGN AND CONSTRUCTION OF SMALL _ 


a 


By H. K. Bei? 


The capacity of filtration works intended to be covered in this 
paper are those ranging from 100 to 1400 gallons per minute and : 
serving communities of from 1000 to 10,000 population. The ma- > A 
jority of the plants that have been included in the writers personal 4 
engineering and construction experience have been built for towns 
having populations of from 2000 to 3000. The usual capacity for a 
towns of this size has been the one-half-million gallon plant, usually a 
in two units. The smallest city plant so far built by the writer has a . 
capacity of 200 g.p.m. or 288,000 gallons per day for a town having se 
about 1500 population. Preliminary design has been made for one 
plant for a capacity of 100 g.p.m. for a community of about 1000 
people. The largest plant the writer has built has a capacity of one 
and one-half million gallons per twenty-four hours or 1050 g.p.m. 
A two-nillion gallon plant for a city of about 7000 population is in 
its preliminary stages. The design of larger plants with units larger 
than one half million gallons daily capacity would be considered to 
come within the range of works intended for medium sized cities, 
works whose general layout and problems of design and future opera- 
tion are more like those intended for the larger cities. The limits 
defined are considered by the writer to be an engineering field pre- 
senting problems peculiarly its own, many of which are not en- 
countered in the experience of those who have been connected with _ 
the works of larger cities only. To explain these problems and to 
show how they have been worked out in the writer’s experience is the 
purpose of this paper. 

The principal factors determining or modifyi ing the design of small 
‘purification works are: 
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. Character of supply 
. Reservoir storage 
. Operating force ’ 


or 


6. Character of power for pumping viaee wese 
7. New layout or addition to old pumping plant = 
8. Topographic characteristics of site and grounds available 

9. Probabilities of future expansion 


10. Climate 
11. Fire service 


On account of the large number of varying conditions encount- 
ered, the writer has never found it possible to use an old design in a 
new location. Some years ago before the demand for water supply im- 
provements revived after the war the writer, while working in a differ- 
ent line of engineering, undertook to make use of his spare time by 
making standard designs for filter plants with capacities of 3, 15 and 
2 million gallons daily. The studies in these designs may have 
proved good exercise, but, needless to say, none of them have ever 
been used in practice. This idea of standardization grew out of the 
writer’s experience in designing concrete bridges for the State High- 
way Department where superstructures having similar spans and 
widths may be repeated in hundreds of cases thereby saving greatly 
in expense of design. With water purification works, however, the 
writer has found that no two problems are enough alike in their 
factors to avoid a new design in each case. 

Taking up briefly the items influencing the design, the writer has 
the following remarks to make regarding each: 

Available funds. As funds available for improvements to small 
water plants of the class covered by this paper are usually very 
limited and the necessity or advisability of the improvements and 
their success often doubted by those furnishing the money, the first 
and foremost question in the study of a new project is how much 
money is available or how much can the client afford to spend. 
Rarely is there sufficient money to avoid cutting out or cutting down 
on some of the less necessary features or is there any’ to spend for 
architectural effects. After determining the capacities required, the 
money available will influence the size of settling basins, determine 
whether one or duplicate compartments will be built, influence size 
of clear well, source of filter wash, character of gauges and con- 
trolling equipment, materials for drainage, intake layout and equip- 
ment, system of heating, chemical feed and handling equipment and 
storage, character of materials for housing and extent of building. 
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The problem of building a purification plant to suit the purse of the 

client is similar to that involved in the purchase of an automobile. 

There are cars in the utilities class ranging in price from $500.00 to 

$2,000.00 any of which will carry the owner over the road. Similarly | 

filter plants in the half million gallon class can be built <4 ~ 


$15,000.00 to $30,000.00 depending upon equipment, housing and 

size and character of appurtenances. _ 
Probable demand. ‘The probable daily demand will largely deter- 

mine the capacity of the works to be built. A town of 2500 will : 

usually require 100,000 to 125,000 gallons per day with a metered © raf 

system or about 50 gallons per day per capita and, without meters, i 

will usually consume 250,000 to 375,000 gallons perday or 100to150 

gallons per day per capita. Figures as low as 30 gallons per capita . 

and as high as 150 gallons have come within the writer’s observation. 

Usually new filter plants are wanted on unmetered supplies, if for old it 

works, and metering usually follows closely after installing filters. In | _ . 


fact the filtering of the water is frequently a necessary condition . 2 

to the successful use of meters, as in the case of sandy river waters | 7 

and well waters with a high iron content. A safe basisforestimating a 

demand, where there are not unusual industrial and commercial con- — 7: 

ditions and water is to be used mainly for domestic purposes, is 50 ; 

gallons daily demand per capita where meters are in use or intended <a — 

and 125 gallons where water is sold on flat rates. - : 
After determining the probable demand, the capacity of the plant — 7 - 

to be built will then depend also upon one or several of the other ; 


factors. For instance, a metered town of 2500 inhabitants will | 
consume 100,000 to 125,000 gallons of water per day. A filter plant 
having a capacity of 200 g.p.m. or 12,000 g.p.m. will furnish this in — 
from 6 to 103 hours, and would in some cases, prove sufficient. 
Other factors such as fire service, operating force, reservoir capacity 
and probable future growth will usually determine in favor of a 
half million gallon, or 350 g.p.m. supply for a town of this size. 
Character of supply. The majority of water supplies in Kentucky 
are from surface streams. Impounding reservoirs for surface sup- — 
plies probably come next. Ground water supplies from wells prob- 
ably come close to the reservoir supplies in number, while a few © 
springs also furnish all or part of the supplies for some communities. — 
These large springs usually are from underground streams in cavern- 
ous limestone and fed surface water from sinks in time of heavy _ 
rains. Hence they have most of the characteristics of surface — 


= 
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streams in all but temperature and the carrying of leaves and other 
drift. 

A supply taken from a stream subject to wide and sudden varia- 
tion in turbidity and depth will naturally require a filter plant 
having an entirely different layout and dimensions of some important 
details from one using an impounded supply. The stream supply will 

usually require larger settling basin capacity, a more elaborate intake 
and the topography of the site will also be different, calling for a 
different arrangement of its principal features and building. 

An impounded supply usually has but a small and slowly changing 
range in turbidity, hence large settling basins are not usually neces- 
sary. The intake in this case can usually consist of merely an 
adjustable suction pipe with some system for controlling from a bridge 
or shore. The addition of an aerator is usually desirable for im- 
pounded supplies in order to assist in the removal of odors caused by 
algae during the summer months. Impounded supplies can fre- 
quently be built without the use of raw water pumps by placing 
plant below impounding dam, the raw water being delivered by 
gravity to the filters. 

Well water supplies in this state have been given treatment for 
removal of objectionable elements in but few cases. A number could 
be softened to advantage, while quite a few more need treatment for 
iron removal. As softening is comparatively expensive for treating 
entire city supplies, this is being practiced but little except for indus- 
trial purposes. Well waters carrying even small iron and sulphur 
content should be treated for their‘removal. The iron is precipitated 
by aeration followed by settling in basins similar to those used for 
removing turbidity from surface waters. This should be followed by 
filtration to remove the finer particles of red precipitate and leave a 
clear water. The settling basins for iron removal should usually 
give from 6 to 12 hours retention, but filters may be operated at a 
higher rate than for ordinary turbid surface waters, Aeration may 

_ be accomplished by the air lift from the wells, spray nozzles, spray 

_ pipes, or water falls, all of which have proved effective in causing 

thorough chemical action from the iron and oxygen. The aeration 

= the sulphide gas. 
Reservoir storage. ‘The capacity of reservoir or standpipe storage 

_ will influence the design as regards capacity of filters and clear well, 
especially when fire service is required. This condition existed in a 

— city of about 3000 in central Kentucky where the elevated tank has a 
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capacity of only 65,000 gallons. In order to keep a reserve for fire 
protection it was deemed advisable to have a filtered water storage at 
ground level of about 200,000 gallons, while customary ground storage 
for half million gallon plants is 25,000 to 50,000 gallons. The supply 
in this case was a spring supplemented in dry seasons by wells all of 
which were limited in yield. This fact also had its influence upon the 
filtered water storage provided. In other words, if hourly yield from 
supply source is less than average fire service requirements and .pres- 
sure reservoir storage is too limited for safety, the balance must be 
made up in filtered water or other storage and this item will increase 
the cost of the works. 

Operating force. As the success or failure in the operation of small 
water plants depends largely upon the cost of operation, the number 
of men required to operate these plants is an all important matter. 
Usually the small pumping and filtration plants combined must be 
taken care of by one operator. Frequently this operator is required 
also to read the meters and take care of repair work and extensions. 
In such cases care must be exercised in the design in order to produce 
a compact and convenient layout that will require a minimum of 
effort on the part of the operator in doing his daily pumping and 
filtering and keeping the plant clean and in proper repair. If suffi- 
cient capital is available, it is often best to put a little more into a 
plant of larger capacity in order to complete pumping in from 2 to 
4 hours time daily and release the operator the remainder of the time 
for other duties. Where electric power is used, a smaller plant can 
in many cases be made almost automatic and require the services 
of the operator for only a short time daily for preparing his chemicals 
and making adjustments, the plant being furnished with an automatic 
switch for cutting off the power when the reservoir is filled. In 
order to provide for one man operation it is usually necessary to 
construct the pumping and filtration works together preferably 
under the same roof. As intakes are a very frequent source of 
annoyance the works should also be placed as near the source of 
supply as possible. 

Character of power for pumping. The power used for pumping will 
make a considerable difference in the design. A steam pumping 
plant using coal as fuel should have boilers and pumps partitioned 
away from the filter room for cleanliness. Diesel engine and electric 
motor driven pumps may be housed in same room with filters and 
The use of 
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electric power, where it is available from a reliable source and price thin 
is reasonable, is preferable from the standpoint of economy and bet 
simplification in design and construction. The housing of the pumps | 
required in an electric centrifugal pum,'ng and filter plant requires det 
only little more space than liwusing the filters and piping only. The hm 
pumps are usually placed in an enlarged pipe gallery greatly simplify- 
ing the pipe work and the operation. With the use of electric power cat, 
the operator has no excuse for neglect of his filter operations as all ol 
his operating time is released for their attention. The cleanliness of pe 
this power also removes all excuses and other alibis for failure to cit 
keep the plant in a sanitary condition. It is the writer’s contention ba 
is that a filter plant, being the source of the city’s drinking water, W 
should be the cleanest place in town. Diesel engine power has also ye 
proved very satisfactory as has natural gas, where price is less than du 
40 cents per 1000 cubic feet. One operator for the small plant can de 
take care of filters and engine also without difficulty. Steam power Pp 
requires the services of a fireman in addition to the filter operator for wi 
satisfactory operation. th 
New layout or addition to old plants. The majority of plants de- fi 
signed by the writer have been built as additions to old pumping d 
works. Where this is done, the problems are much complicated, as Pp 
new work must be joined with the old; architectural features (if the be 
old plant has any) must be followed or continued in the new building; * 
the old plant must be kept operating during construction and new as 
piping connections made with old ones in use. The designer has 
not the choice in this case that he has when building an entirely t 
new layout. Hence, plants built under these conditions are entirely 
different in appearance from any built independently. One idea in : 
such cases is to save all the old building and equipment possible, | 
much of which is off standard and requires a great deal of measure- 
ment and care in working it into the new equipment. , 
Topographic characteristics of site. These vary with every stream | 
bed and bank. One stream will have a bank 15 feet high while | 
another will be 30 feet or even higher with ranges in floods from 10 to - 
35 feet. In one case the site will present a shelf or river bottom 


where all parts but intake may be built conveniently above higher 
water; another will require that settling basins and filter walls be 
supported from the river bed upward, sometimes with a height of 35 
feet. In one such case the plant is a three story affair with intake 
beneath on solid rock, clear well next with depth of 8 feet and set- 
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ae ’ asin on top with depth of 16 feet and a 15-inch concrete floor 


between. 

The extent and shape of the grounds available will necessarily — 
determine the dimensions ~f the works where these grounds are 
limited. 

Probable future expansion. Probability of future growth of the 
city and increased demand should be taken into account in the study 
of all prospective improvements. This condition is much less im- 
portant in the case of the average small town plant than the larger 
cities for the average county seat town usually grows but little in 
our state unless there are mining developments in the vicinity. 
Where there are indications that enlargement is likely within a dozen 
years the plant should be designed for a minimum of extra work in its 
duplication. Usually the plant may be designed so that it may be 
doubled in capacity by duplicating the settling basin and filters and 
pipe gallery alongside or by end extension. Where electric power is 
used the pump capacity may usually be doubled without enlarging 
the pump room. The same wash water tank built for washing two 
filters may be used for four or six. The same chemical storage and 
chemical and chlorinating apparatus will answer for the enlarged 
plant. In many cases the same clear well will also answer. The 
writer’s practice is to place sleeves in walls for future pipe extensions 
and to locate the present works so space will be available for future 
expansion in cases where such growth is likely. 

In many cases the demand is reduced by the use of meters after 
the purification works are installed and a plant built to operate 8 
hours a day does its work in from 2 to 4 hours. In such cases the 
community must triple in size before additions will be advisable. 
In some cases that seemed to warrant it, a third filter in the same 
housing has been installed in the original construction and left un- 
equipped until needed later. The expression, a third filter, is used 
since common practice in works of the sizes under consideration calls 
for the use of two units. Engineers have been rarely called upon to 
enlarge works of this nature in the small cities in this state. 

Climate. Climate influences the design to the extent that certain 
materials and equipment must be protected or built in such a way 
that they will be safe from frost action. Customary practice has 
been to build basins open and unprotected south of the Ohio River, 
however, the writer’s experience has shown that this is unsafe in this 


climate, ‘aithough not more than one winter out of five is severe 
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ad - enough to cause damage. Nearly all open settling basins observed, 
_ whether built by the writer or others, show signs of disintegration of 

- concrete about the water lines. Such structures should be roofed 


: A over and buried as much as possible beneath the surface. Inside 
surfaces should be painted with an asphaltic covering and every 
- precaution taken to make all concrete as nearly impervious as possi- 
ble, as the least dampness penetrating even part way into the walls 
may at some time cause frost and its bursting and disintegrating 
effects. Corners should be cut across diagonally so as to thicken 
; 3 concrete at these points and special reinforcement placed across near 
inside of walls. Frost seems to have a way of attacking basins at 
- the corners where there is double exposure and a tendency toward 
~ eracks on the inside from the nature of the stresses in a rectangular 

basin. 
Fire service. Usually fire service is included in the functions of a 
7 city water supply. This service will place a limit to the cutting 
down of capacities of filters and clear well storage which might other- 
« wise frequently be cut in half to save construction costs. The half- 
—_  million-gallon plant (350 g.p.m.) is as small a capacity as can be made 
- 7 to furnish this service. When filter plants are built smaller than 
this, dependence for fire service must be entirely upon reservoir 
storage or such storage in combination with enlarged clear well and 


— capacity. 


Ys SPECIAL FEATURES IN THE DESIGN OF SMALL PLANTS _ . 


“ rrouping of parts. Compactness and economy in design and con- 
venience in operation are largely controlling factors in the grouping 
of the various divisions of a filter plant. 

Filters. The writer’s practice has been to build in two unit plants 
having capacities of one-half to one million gallons. Below the 
one-half-million-gallon size, one unit plants have been built for 
economy’s sake. Above the one-million-gallon size the practice has 
been to use the one-half-million-gallon unit for whatever number 
of units are required, using a sand area of 200 square feet for the 
unit of this rating or 400 square feet to the million gallons per 
twenty-four hours. Half-million-gallon pumps usually have a range 
of 300 to 415 g.p.m. between empty and full reservoir and the over- 
size permits of the larger draft. 

V-shaped concrete wash troughs are used. Concrete construction 
prevails in the building, so this material is easily adapted to this 


purpose, 
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Strainer systems are of the writer’s special design, mainly of con- 
crete construction also, and, with exception of 3-inch brass nipples 
and glass traps, are built on the job. 

Gauges, controllers and meters. The type of gauges used is deter- 
mined mainly by available funds. For one-million-gallon plants 
and larger the customary practice has been to use gauges of the floor 
stand and dial type usually four in number; two “‘loss of head,’’ one 
“clear well’ and one ‘“‘wash water tank.” For smaller plants the 
practice has been to use float tubes with painted board and indicator 
gauges. In the construction of plants smaller than one million 
gallons daily, such matters as fancy gauges, intricate rate controllers, 
dry feed chemical machines, venturi meters, operating tables and, — 
in very small works, valve stands can be made to form a very large > 
part of the cost, the proportion being out of reason when compared | 
with the other construction. It will be seen that these items are 
almost the same for a half million gallon plant as for one twice as_ 
large. Hence the necessity of other and cheaper substitutes. Al-_ 
though any engineer likes to see nickel plated gauges and appliances ~ 
in a filter plant, the board gauge shows the operator everything the — 
more costly one does and is more easily kept in working order. " 


For a rate controller the writer has developed a combination of 


orifice box and float valve control for the filter effluent which gives a — 
visible discharge in a white tile lined box. This same device is so 
placed in relation to the clear well that it acts as a clear well control - 
also within certain limits. For instance, when pumps are first started — 
with clear well full and reservoir down, they pump faster and the — 
well drops leaving orifice free. This causes the filters to increase 
their rate to the limit set. As reservoir fills, pumps slow down and the | 
clear well rises, finally flooding orifice and reaching the point where | 
filter output and pumping are balanced. When pumps are shut down > 
clear well fills and floats cut off filters. ' 
For plants of one-half million gallons and smaller, ordinary meters — 
of the impulse turbine type have been used. The half-million-gallon — 
plant can be serviced by a 4-inch meter with a loss of less than 
3 pounds pressure and at a cost of about $175.00, which is about half — 
the cost of an integrating and recording flow meter and about one-— 
fifth the cost of a venturi meter. The ordinary meter set in the dis-_ 
charge line will not give the rate of flow on a chart as will the other — 
types, but it gives the operator and the water company a record from — 
which daily consumption can be checked. The performance of the © 
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pumps also can be checked from the same source. For the one- 
million-and-a-half-gallon plants a 6-inch meter is required. This 
costs about the same as the flow meter, orifice type, so the latter is 
the logical device in such plants. These cost about $360.00 installed 
and are furnished with daily charts recording the pumping rates and 
giving in figures on a dial the total quantities pumped. In the 
writer’s opinion, no water plant however large or small should be 
without some such meter as the knowledge so obtained forms the 


{= 


. - basis for all estimates for improvements, comparisons of costs of 

, ss operating, checking waste and leakage, power costs and chemical 
dosage. 

7 Filter wash. For reasons of economy, plants smaller than one 

¥ million gallons daily have been designed to use the high pressure 


from the main lines to reservoir for back wash to filters. A wash 
pump or a wash water tank will cost from $1500.00 to $3000.00 
installed, which is quite an item for the small plant. For one million 
gallons and upwards, the writer’s practice has been to build a wash 
water tank filled from high pressure discharge line and controlled by 
a float valve. For a plant now under construction, the wash water 
tank will be filled from the clear well by a special pump of 100 g.p.m. 
capacity and with 3 h.p. motor. This will save the waste in electric 
current otherwise required for pumping the wash water against a 
260-foot head as against 50 feet. The cost will be about $250.00 
_ for this pump installed and saving in current should pay for it in a 
little over a year. Where power is supplied within the same plant, 
the saving will not be so noticeable and with some plants would not 
be practical. 
__ The writer’s practice has been to build the wash water tank in the 
roof of the building over the filters. This is easily done with con- 
 erete construction and water tightness not difficult to obtain as depth 
of water is usually not more than 3} feet. The head used is about 

: 23 feet average on the wash troughs, allowing about 10 pounds pressure 
_ for washing purposes. The flat shape of this tank gives a nearly 
uniform washing head. Tanks are built to contain 30,000 gallons, 
which is sufficient for washing two half-million-gallon units. The cost 
of such a tank for extra concrete and brick work added to the building 
is from $1500.00 to $1600.00 or about the price of a wash pump and 
motor. 

Chemical storage. The chemical storage for plants smaller than 
one million gallons is usually taken care of in an outside frame storage 
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shed. Plants of this size usually have housing areas too small for 
) much storage of materials. The chemical feed apparatus is usually 
on the operating floor in these plants and no partitions separate it 

from the rest of the building. It is advisable, therefore, to carry 
chemicals in pails or bags as required in order to keep the operating 
floor in a neat condition. 
For plants of one million gallons and upward the practice has 
been to provide storage for one car load of alum and a reasonable 
supply of hydrated lime, which can always be purchased locally as 
wanted. This storage is provided on floor in space between operating 
floor and wash water tank. Materials are hoisted from trucks to the 
door at this floor level from outside and stored at convenient location 
for loading chemical feed hoppers through openings in floor. Chem- 
ical feed apparatus is housed in room containing mixing chamber 
equipment and partitioned from other parts of building for prevent- 
ing dusting and slopping with these objectionable materials. 
Mixing devices. Smaller sized plants have been provided with 
timber baffled mixing chambers, preferably shallow in design for 
construction and cleaning convenience. These mix the raw water 
and chemicals by agitation from reversing direction of flow and are 
designed to provide 15 to 20 minutes retention. 
Larger plants are being designed with an agitator of revolving 
paddles for stirring the raw water during the mixing period of 20 
to 30 minutes. Both systems have given satisfactory results, but 
the mechanical agitator produces a larger floc that is more quickly 
precipitated in the settling basin. Agitators may be driven by 
either water or electric motors with speed reduction gears. 
Settling basins. These are usually designed to give about 4 hours 
retention period with an allowance of from 12 to 20 per cent of dead 
space. Larger basins have been built for 6 to 7 hours settling time 
where extremely muddy waters have been encountered. The tend- 
ency in design has been towards cutting out or reducing baffles 
and allowing lower velocities in a straight line. These velocities 
range from 10 to 17 feet per hour as against velocities as high as 30 
feet per hour with baffled basins. The lower velocities give greater 
efficiency in sedimentation, provided proper distribution is main- 
tained over the cross section of the basin. This is done by means of 
distributing inlets and outlets and perforated walls. Sufficient 
drainage outlets with convenient facilities for washing should be 
provided. When washing of settling basins is made difficult by the 


at 


_ design this matter is naturally neglected in operating. Convenient 
connections for 13 to 23-inch hose with racks for holding and con- 
_ venient manholes with permanent ladders assist in this work as do 
also outlet valves with stands over tops of basins. 

Drainage. Inside of buildings the drain pipes are usually of cast 
iron soil pipe or sewer tile encased in concrete. Ample drain pipes 
and abundance of floor drains assist greatly in keeping the plant in a 
liveable, presentable and sanitary condition. Main drains from 
filter wash must be of ample size or washing can not be effective. A 
- one-fourth-million-gallon unit requires a 12 inch drain pipe from 
building and a one-half-million-gallon unit requires 15 to 18 inches 
depending upon length and grade. Drippings from condensation on 
pipes and waste from pump priming cause a nuisance if not properly 
disposed of. Floor gratings with pipes or troughs beneath can 
frequently be used for this purpose 
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os WATER SUPPLY AND INSURANCE ESTIMATES! 
By Frank H. Jones? 


In considering insurance estimates we naturally think of fire. 
Greek mythology tells that fire was brought to earth by a god, and 
afterward fire was revered as a gift of the gods. History gives us 
fire worship and sacrifices were made to the god of fire. We also 
learn that mud was first introduced as a natural enemy of fire to put 
it out. Later seafaring people discovered that water would quench 
fire better than mud. Consequently, we have from the earliest 
history the use of water in fighting fire. 

As early as 450 B.C. the Persians thought fire to be a god. In 
289 B.C. a machine was used named Siphonaii, to throw water on 
fire. Hero of Alexandria, in his treatise on pneumatics, written 
probably 150 years before the Christian era, described a machine 
which he called the siphon, used in conflagrations. In these early 
days water was carried by buckets and put in the reservoir of the 
machine which was to throw it. 

The earliest reference I could find to water works was in the Egyp- 
tian period, but I was unable to get very much information as to the 
water works of that period. We learn more about the aqueducts of 
Rome. The earliest aqueducts were tunnels. The Romans de- 
veloped the use of the masonry conduits carried across the country 
on tall, arched piers. It is this type of construction which is gener- 
ally associated with the name “aqueduct.” Rome was supplied 
with water by eleven aqueducts, constructed between 312 B.C and 
226 A.D. The longest of these, the Anio Novus, had a length of 62 
miles. England was the next country that I could find to use aque- 
ducts to supply water to municipalities. 

The muncipal fire department of ancient Rome was little behind the 
departments of the present time, and used large water squirts on 
wheels. The equipment of the present time is much advanced, but 
the organization of the present day fire fighters is no better than the 


organization of those days. 


1Presented before the Illinois Section meeting, March 30, 1928. ml yy 
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The earliest engine introduced for fighting ‘fire in the United States 
was at Bethlehem, Pa., in 1763, and, when tested, threw a stream 75 
feet high. It cost $400.00 and was brought from England. 

I was unable to find reference to insurance until many centuries 
after the use of water for fighting fire. The earliest definite record 
of insurance was in 1240, when certain districts levied assessments on 
members of the community to provide money to take care of losses 
through calamity which might arise. 

The first definition of insurance occurs in the Statutes of Queen 
Elizabeth, dated 1601. The first time that the subject is referred to 
in English Law Books the fundamental principle of insurance is 
expressed. It has been sanctioned by the experience of the centuries 
since. The statement was that “By means of a policy of insurance 
it cometh to pass that upon the loss or perishing of any ship that 
followeth not the undoing of any man, but the loss lighteth rather 
sasily upon many than heavily upon few.” 

We find references to insurance in the eleventh, twelfth and thir- 
teenth centuries, and also in the seventeenth century. In the early 
part of the seventh century, Lloyd’s policies were issued for marine 
coverage. The oldest copy found of a policy was one issued in 1613. 
Insurance apparently started strongly after the London fire in 1666, 
which fire aggregated three hundred million dollars loss. A man by 
the name of Nicholas Barber, at that time, started to write insurance 
on a commercial basis. 

The next advance in the insurance business was in 1700, when 
Richard Tovey, in addition to insuring houses, offered to insure 
personal property. This runs along until about 1710, when the two 
organizations were formed into the Sun Insurance Office, which has 
been in existence ever since. 

In 1700 the Union Fire Office introduced a system of classification 
which has been carried down to the present time. The first com- 
panies to start under Royal Charter were the Royal Exchange and 
the London Assurance in 1720 and they have been in continuous 
existence ever since that date. 

It is usually considered that the insurance business in the United 
States began in 1752 at Philadelphia. Later research shows, how- 


ever, that it existed from 1736 to 1754 at Charleston, 8. C. in the 
Mutual Fire Insurance Company. 

In 1752 the Contribution was organized in Philadelphia, Benjamin 
Franklin being one of the board of directors. This company is 
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still in existence, and was organized as a perpetual company to cover 
buildings. Owing to the fact that this company would not write 
risks with trees standing in front of them, owing to the method of 
fighting fires, without an additional compensation for the hazard, 
the Green Tree Company was organized to take such business as 
would be offered. This is the first known instance where a specific 
hazard was specifically charged for. 

In 1794 the first stock company was organized on this continent. 
It is still in existence and is the Insurance Company of North America. 

In 1866 the National Board of Fire Underwriters was organized, 
and in 1867 we find the first record of a Daily Report in use, advised 
by Alexander Stoddard. The evolution of the business has been 
very great from that period on. In early days fire departments 
were organized by individual insurance companies to protect the 
property of the company which organized it. If they ran to a fire 
and found that they were not interested they would let it burn and 
go back home. Later these departments were combined into munic- 
ipal departments. 

In considering the above history we find that water works and 
insurance men are concerned in a business which has endured for 
centuries. It is very hard to consider one without considering the 
other. Water works are necessary for the protection of life, health 
and property. Insurance is necessary for life, health and property. 

Insurance is not a mysterious business, but, as we find, has been 
known for centuries. It is a profession unto itself, but the cardinal 
principles are easily learned by anyone who will devote any time to 
its study. We have now arrived at a point in the insurance business 
where it is the basis of credit. While insurance does not replace 
materials which are burned, it does compensate the owner for loss 
that is sustained, thus protecting his credit. Insurance estimates 
have always been considered with a tone of mystery, yet there is no 
mystery connected with this branch of the insurance business. The 
insurance estimate is the basis for the cost of insurance, and is arrived 
at ina scientific manner. When insurance estimates were first made, 
a few men would get together and agree on the estimate to recommend. 
Then schedules of various types were developed, and finally, in 
eighteen states of the middle west the Analytic System for the 
Measurement of Relative Fire Hazards was adopted, which explains 
all of the charges that enter into the insurance cost. This is the only 
schedule I know of that explains to a property owner, in detail, each 
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. ie item entering into his insurance cost. The basis of this system is the 
grading of the town in which we are going to work, to properly classify 
it. To arrive at this classification, we use the Standard Schedule 
for Grading Cities and Towns in the United States with Reference 
to their Fire Defense and Physical Conditions, issued by the National 
Board of Fire Underwriters of New York City. This Schedule is 
used all over the United States and the result is the uniformity in 
the grading and classification of towns of the same protection all over 
United States. 

The National Board Grading Schedule, to which I have just re- 
ferred, is a point system schedule, and the largest number of points 
are given to water works. We have to take into consideration in this 
Schedule the fire department, the laws, the height and congestion of 
the buildings. But of them all, water works is the principal subject. 
We also have to deal with the standardization of hose couplings on 
the fire hydrants. In the past very little attention has been paid to 
this particular subject by the engineers laying out water works 
equipment. You are undoubtedly aware that the standard coupling 
is 74 threads to the inch, 3 +’; inches, outside dimension. The ease 
AF with which apparatus may be transported from one town to another, 
1 Ps owing to the change in road conditions, is making it imperative that 
Ber there be a standard connection, if the apparatus is going to be of any 
a value in fighting fire. 

The protection of the towns is graded from one to ten in the Na- 
tional Board Schedule, 10 being without any protection, 9 with only 
chemical protection. Towns graded from 1 to 8 are those protected 
by water works. There are 425 towns in Illinois with water works 


The relation of water works to insurance estimates is reflected in 
this Schedule more than anywhere else in the insurance estimates, 
as it is owing to the supply, the pump, mains, hydrants and the 
ability to keep up a required pressure that the town is graded. It is 
a deplorable fact that in the smaller towns we find an inadequate 
= capacity, a great amount of 4 inch pipe in the distribution 

_ system, an improper and inadequate number of large mains to feed 
the system, and this is all reflected in our work. When we have 
arrived at this town classification we are then in a position to make 
_ the estimates on the individual risks for the insurance costs. We 
use a basis arrived at by the loss experience of a given territory. 
Fach individual piece of property is unto itself, except from the 
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exposure of surrounding property. Under the Analytic System for 
the Measurement of Relative Fire Hazards we commence with a 
perfect building and make deficiency charges for construction and 
charge for the hazards and damageability of the occupancy. We 
make what we call a survey, showing each deficiency, charged in 
percentage form, which is then carried out into dollars and cents. 
In Illinois, we have been working with the property owners and have 
been sending them what we term an improvement letter, so that if 
they are interested in reducing their insurance estimates they can 
do so by eliminating the fire hazards. 

On manufacturing property and property protected by sprinkler 
equipment, we go further and give a report, as well as the improve- 
ment letter, to the owner of the property. This includes a fire dia- 
gram, so that he may have full information as to his property from 
our view point. The basis, which is arrived at by loss experience, 
and the exposure are the only things which the owner of the property 
does not himself control, and in many cases the exposure can be 
wiped out by protecting the openings of the building. We publish 
our results in books for each town and furnish them to our subscribers 
and to their agents who write fire insurance. Any property owner 
is entitled to have full information relative to the insurance esti- 
mates, and all that is necessary for him to do is to request them from 
the Illinois Inspection Bureau, or give an agent a signed letter of 
authority, showing that he is entitled to such information. 

The sprinklered property is the risk where water enters into the 
protection to a greater extent than any other of the buildings in the 
town, and is supposed to be the highest type of protection. As you 
are all aware, two sources of water for sprinkler protection is con- 
sidered better than the single source, and is reflected in the estimates. 
To protect thoroughly a building with sprinklers, it is necessary that 
we have at the highest head a certain amount of pressure. We find 
that it is very difficult at many places to have this maintained by the 
water works association or company. I wonder whether the water 
works companies in small towns are not rather short sighted. In 
the last few years a great many manufacturing interests have been 
picking out the small towns in which to establish their plants. Most 
of them have wanted to sprinkler their buildings. Upon making a 
flow test, we find that sufficient pressure is not maintained for thus 
equipping the property. While it might be expensive at the time 
for a company to arrange to maintain this pressure, yet by bringing 
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that manufacturer to their small town they are going to increase the 
population of the town, the domestic consumption is going to increase, 
and they are going to grow so as to get all of the money back. Ap- 
parently, however, they are only thinking of the immediate time 
instead of the future, and do not coédperate to bring about these 
conditions. 

The Water Works Association has an untold field in the State of 
Illinois. I wonder if you are aware that there are 144 towns with a 
population of 500 to 800 that are without water works. With a 
population of 800 to 1000, there are 64 towns; over 1000, 79 towns. 
I have tried to analyze why these towns are without water protec- 
tion. Is it because the Illinois Inspection Bureau is lacking in en- 
deavor, or is it from the lack of investigation and salesmanship by 
the Water Works Association? The total number of these towns is 
288, and they are like the virgin prairie that need the plow to turn 
the soil over. They have to be cultivated and nourished to bring 
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them up to the producing point, or to the point where they will 
install water protection. You have your duty in this matter and 
: - Thave mine. There is never a proposed water works that we are not 
®. requested to give some idea of its effect on the insurance estimates. 


We maintain a corps of engineers to assist in bringing about the best 
development of this sort of protection, and we give this service to 
the towns free of any charge. We do not attempt to lay out the 
water works, but we encourage its installation, and are perfectly 
willing to go over the plans of the equipping company or of the en- 
gineer, so that the best insurance costs for the least expense may be 
obtained. Our work is not over when the water works is installed. 
We classify the town and make recommendations that it may get a 
better classification. We watch the growth of the town and recom- 
mend improvements to meet this growth. Our work is very broad 
in this way, as it brings us into the fire department, the building code 
and ordinances of all towns. We are dealing witlr officials, encour- 
aging the installation of water works and improvements in the sys- 
tems already installed. The water works man and the insurance 
estimator are both working for water works. Each has his own point 
of view. To the man who is trying to install water works it is his 
means of livelihood and from an investment standpoint. To the 
man who is making fire insurance estimates it is for the protection of 
the financial interests of the fire insurance companies which he repre- 
sents, by lowering the loss ratio. The largest insurable values are in 
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cities which have water protection, but there are a great number of 
small towns and scattered property which need water protection. 
Our mission is so to coéperate with the water works organization 
that we may succeed in bringing about this protection. 

The evolution of the manufacturing world is such that new hazards 
and new products are being brought into existence continually. It 
is the mission of your organization, as well as of mine, to cope with 
the conditions arising from day to day, and so to equip ourselves that 
we may be of mutual benefit to the people of our country. We 
should not ignore the impressions we are making in our work on the 
minds of children. I can well remember that when I was a child in 
a small town in Indiana, surrounded by hills, an installation of water 
works was made, and a pole erected on a public corner to give a 
demonstration to illustrate the pressure that could be developed. 
This is as fresh in my mind today as it was when I saw the demonstra- 
tion. It made a thorough convert of me, as a child, to water works. 
I have been an ardent believer and supporter of that kind of protec- 
tion and sanitation since that time. 

It was my lot to move into a town in the west that had not devel- 
oped so as to aspire to a water works. Finally, through the efforts 
of the progressive citizens, water works were introduced. In looking 
back upon these instances I can see that if, when men were children, 
the importance from the standpoint of health, sanitation and protec- 
tion, and the necessity of water had been impressed upon their minds, 
they might become the most ardent supporters of that movement. 

In the number of towns I mentioned which are without water works 
in Illinois, it is going to take these younger people to bring about a 
condition which will demand their installation. Consequently, the 
children should be taught the necessity of water works for life, 
health and protection. There should not be a town of 500 or more 
inhabitants in the country which is not properly protected by water 
works and sanitation. 
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PROTECTION 


By Frank C. JorRDAN? 


Iengineering authorities, who have made careful studies of the 
problem of reducing America’s fire losses, have reached a conclusion 
which must be met fairly and squarely if the campaign for reduced 
fire losses is to be crowned with success. ‘That finding is ‘‘Prepare 
adequate fire protection before the fire gong sounds.”’ 

Extensive studies indicate that 87 per cent of all of our fire loss 
is preventable. It is therefore of vital importance that we adopt 
all sane methods of preventing fire. As long as civilization exists, 
however, we shall make use of fire and suffer from fire. We are, 
therefore, confronted with the necessity of preparing for fire in the 
only sane way in which such preparation can be made. 

A realization of individual responsibility in the matter of fire pro- 
tection is important. The Grading Schedule of the National Board 
of Fire Underwriters assigns certain relative values in the matter 
of each class of fire protection and fire prevention service and assesses 
certain deficiency points, depending upon the extent of variance 
from the standards adopted for adequate fire protection service. 
The Schedule provides for a total of 5,000 deficiency points and 
weights the various services as follows: 


Indirect fire fighting factors such as proper legislation, struc- 

tural conditions and fire prevention measures........«....... 1,250 


Fire and water departments may be charged with 3,750 penalty 
points of the possible total of 5,000. In other words, the authorities 
who prepared this Grading Schedule upon which fire insurance rates 
are based, placed 75 per cent of the responsibility of decreased fire 
losses upon fire and water departments and that responsibility 


1 Presented before the Indiana Section meeting, March 15, 1928. 7 
* Secretary, Indianapolis Water Company, Indianapolis, Ind. 
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must be accepted not only by the water department superintendent 
and the fire chief, but by the city councils, public service commissions, 
a and other governing authorities who regulate the income or make 
the appropriations for the fire and water departments. 
The educational campaigns fostered by the National Fire Pro- 
tection Association, and other organizations engaged in reducing 
_ America’s fire losses, have caused some of the authorities to be more 
“liberal i in their appropriations for the fire and water departments. 
The American public is slowly coming to a realization of the fact 
_ that the failure to purchase needed equipment for these departments, 
or the failure to keep all fire fighting facilities in good condition, 
usually results in disaster far outweighing the saving. 
 Ttisa regrettable fact, however, that some of the governing bodies 
fail to understand that an inadequate public water supply and an 
- inadequately equipped and manned fire department are very poor 
economies. The challenge to “prepare adequate fire protection 
before the fire gong sounds’”’ is especially directed to these authorities. 

We have all the knowledge needed for fire protection, costly 
_ surveys of cities and regulations for effective use of fire retardants and 
devices for extinguishing fire, but we have been negligent in the 
matter of educating the American public to the necessity of applying 

this knowledge and making it pay dividends in the way of reduced 
fire losses. 

It is a significant fact that in the great campaign against fire waste, 
the water department is charged with the largest individual re- 
sponsibility, its share, according to the Schedule of the National 
Board of Fire Underwriters, being 34 per cent of the full measure of 
public responsibility in the matter of the protection of life and 
property from fire. 

The waterworks fraternity must give careful consideration to 
adequate fire service. The part which we play in this great campaign 
is not spectacular and the general public gives little thought to the 
importance of the water supply and very little, if any, credit when 
that supply is adequate, but if there is a shortage of water that fact 
is immediately seized by the public and the water plant superintend- 
ent is bitterly criticized for his failure to provide adequate service. 
The fault may have been, and in all probability was, with some 
governing authority which limited his income to a point where he was 
unable to provide that adequate service. 

There must be wholehearted codéperation between the fire and 
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water departments, otherwise efficient fire protection is practically 


impossible. There can be no argument as to the shortcomings ee 
resulting from a lack of proper codperation. An inadequate public “a 
water supply will make ineffective any fire department no matter sy 
how well that department may be equipped. ‘In like manner, wi 
inefficient methods or inadequate equipment in the fire department i 
mean inefficient fire protection service despite the fact that the water a 

supply may be classed as Number One by the National Board of 

Fire Underwriters. More and more cities of the country are giving 

evidence of this spirit of coéperation and those cities are making 
inroads on their fire losses. ; 
We of the waterworks field must have a better appreciation of the : 
importance of an adequate supply of water for fire protection and to 1 
. that end it is advisable for us to ‘‘see ourselves as others see us.” { 
A recent issue of “Safeguarding America Against Fire’? was dedi- 
: cated to the subject of “Water,” and a study of that article will | 
- give us a higher regard for the positions which we are holding and 
the service which we are called upon to render. One editorial para- 7 - 
7 graph in that issue reads as follows: sk 
As part of its service in sustaining life water keeps man from burning up 7 5 


in his own fires. It constitutes his chief defense against the Flame Fiend. 

That it will continue to do so is about as certain as anything in this present 

+ unpredictable age. Hence there is no problem more vital than the problem 
7 of securing an adequate and continuous supply to every home and every 
fire hydrant. Truly can it be said that the long history of man’s struggle to 
survive—and, not the least, his struggle to survive the flames—may be writ in 


Water. 
_ main article reads, in part, as follows: 
; Frre’s Worst ENEMY 


L. a Probably the first question man asked himself after he had learned how to 
make fire was how to put it out again. He is still asking. 

Yet he does not lack extinguishers. Science, in this present enlightened 
age, has attended to that. Man has such liquids as carbon tetrachloride and 
carbon dioxide, such semi-liquids as fire-foam, such solids as sand and salt. 
He owns, or should own, a good stout broom which he wields effectively on 
occasion. And—he still has Nature’s oldest and surest fire extinguisher, the 
venerable daddy of them all. He has, in a word, Water. 

Some day, it is said, he may possibly command the power of music to charm 
into submission the errant blaze. But that, if it comes at all, will come in the 
happy, faroff future. Meanwhile, sneabualy speaking, he w ill content himself 
with playing the hose from the hydrant. 
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For, though innovations come and innovations go, when all is said and done, 

none of man’s needs, save possibly air, is quite so imperative as his need of 
water. It was true in the beginning and it is likely to remain true to the end 
of time—even in the realm of fire fighting. Despite the frequent utility of 
synthetic agents and other more homely devices, water is still the most trust- 
worthy means of killing fire. Therefore, if the American fire waste is to be 
curbed an adequate supply must be assured, both for fire and for domestic 
consumption, and assured not for today only, but for the long succession of 
tomorrows. As a problem at once social and economic it is vital. 


an WaTER REIGNS SUPREME 


Now in the inspection of cities, as conducted by the engineers of The 
National Board of Fire Underwriters, the chief item, the one for which the 
highest allowance is made where it meets the rigorous tests imposed upon it, 
is water supply. Why this is the case hardly needs expatiation. It must be 
plain that the most powerful pumper that ever shrieked its way through a 
teeming metropolis is merely an impotent mass of machinery and pretty red 
paint if there is nothing, or but little, for it to pump after it arrives at the 
scene of a fire. 

Water, in short, constitutes the life blood of every fire department every- 
where; and where the supply is low, or where its delivery is uncertain, a : 
condition of anaemia is set up which affects that city’s fire defenses. This 7 
weakness, if allowed to continue unremedied, opens the way almost inevit- 
ably to the plague of conflagration. Hence the priority accorded by experts 
in fire protection to water supply, and hence, incidentally, the reason why it 
figures conspicuously in the price paid by Americans for their fire insurance. 


These paragraphs, written by authorities who have given years 
of study to the matter of adequate fire protection, should be read ' 
and reread by city officials, commissions, and others who are charged 
with responsibility in reference to fire service, to the end that they 
may have full appreciation of the worth of adequate water service. 

Public service commissions are coming to a realization of the 
importance of an adequate water supply and the following paragraph 
is typical of commission findings on this matter: haat aad 


In the construction of a water system in a city or town two iiidtihenhiubenh 
be provided (1) water for domestic and industrial use (2) satisfactory fire 
protection. A system designed to give service for domestic and industrial 
use only, would be less elaborate and expensive than one designed to provide 
the two types of service mentioned. To furnish fire protection in addition to a 
domestic and industrial service, a higher head of water, greater reservoir i 


capacity and larger mains are necessary, resulting in a much more costly 7 
installation and distribution system. Engineers estimate that the investment 
is increased by making provision for fire protection, from 30 per cent in larger 


systems to 70 per cent in smaller installations. nin 


= 
675 
= 


= 
FRANK C. JORDAN 7 


The all important words in these findings are ‘“‘must”’ and “‘satis- 
factory,’’ the commission findings being that “‘two services must be 
provided” one of which is “satisfactory fire protection.” Decreased 
fire losses are dependent upon those last three words, namely, ‘‘satis- 
factory fire protection.” 

During recent years, those in charge of the design, construction 
and operation of waterworks have realized more fully their responsi- 
bility for furnishing adequate fire protection and much has been done 
towards improving the distribution systems and increasing the 
volume of water for fire protection. It is now readily understood 
that ‘small mains, single outlet hydrants, infrequent gate valves. 
low pressures and single supply units are features to be avoided even 
in the village water supply system.” It is a regrettable fact, how- 
ever, that socalled economy on the part of city officials, or others in 
authority, frequently retards the development of the water plant, 
this being especially true in the matter of ordering additional fire 
hydrants where the rate of pay for public fire protection is based on 
the number of fire hydrants. 

Public utility commissions have given careful thought to this 
d matter and the following finding is significant as indicating a broader 
consideration of the subject of fire service than existed a few years 
ago. 


In establishing hydrant rates, different systems are adopted, some on a 
fixed flat rate per hydrant for all hydrants, some on a fixed rate for a certain 
limited number of hydrants and a less rate per hydrant for all additional 
_ hydrants; and a more recent method is that of placing a general fire service 
_ charge, based upon the number of inch-feet of main connected with the fire 
system, and a nominal charge of from $10 to $15 per hydrant. This latter 
method naturally affords better fire protection, as it permits of a material 
increase in the number of hydrants at a nominal charge after payment of the 
general fire service charge. 


Fire departments, in their work of combating fires, must use 
large quantities of water, and to accomplish this the mains must be 
_ of adequate size and the hydrants must be large in number and close 

at hand so that there may be short hose lines. The adequacy of the 

fire protection service of a water plant is based on its ability to 
provide the required fire flow and the availability of that fire flow 
| through properly located fire hydrants. Engineering experience 
indicates that the required fire flow in the downtown district of a 
_ city of 60,000 is 7,000 gallons per minute. This must be increased to 
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9,000 gallons per minute if the city has a population of 100,000 and 
to 12,000 gallons per minute if the population is 200,000 or more. 
The provisions for the hydrant distribution, with certain modifica- 
tions as to the size of hydrants, connections, etc. are that the average 
area per hydrant in the downtown section of the city of 60,000 shall 
be 70,000 square feet. Where the city is 100,000, the average area 
per hydrant shall be 55,000 square feet, and where the city is of a 
population of 200,000 or more, the average area per hydrant in the “s 
downtown district shall not exceed 40,000 feet. 

Recent surveys in Indianapolis indicated certain deficiencies in the 
fire flow and hydrant spacing in certain sections of the congested - 
value district, and the Indianapolis Water Company forthwith 
installed additional feeder mains so that the deficiences in fire flow 
were corrected. Additional hydrants are being installed which are 
gradually removing the deficiencies in the hydrant spacings. Ref- 
erence is made to this work that you may know that our Company 
does not hesitate to spend the necessary time and money to provide 
adequate fire service. 

In the consideration of our fire losses, we are confronted with the 
fact that 1 per cent of the number of fires is responsible for 66 per cent 
of the amount of fire loss. It is, therefore, imperative that we make 
every effort to provide adequate fire protection service for the high 
value districts of our cities through better construction, installation 
of sprinkler systems, improvement of fire and water departments, 
and every other means which can be applied to such areas. 

It is important that the water department superintendent know 
with certainty that an adequate supply of water is available in the 
downtown or congested district of his city, and the best known 
means of assuring himself of the adequacy of the supply is through 
the instrumentality of fire flow tests such as have been referred to 
in earlier parts of this paper. Such flow tests are of value in many 
ways. They clearly demonstrate the adequacy or inadequacy of 
the hydrant spacing; they indicate the condition of the system with 
respect to closed valves or other obstructions; they demonstrate 1 
whether required fire flows are available at given points; they point 
out the inadequacy of small lines and furnish good object lessons for 
city councils or other appropriating or governing bodies. Fire 
protection engineers find that flow tests are the most practical. 
economical and constructive method of studying the efficiency of a 
distribution system. The October, 1924, JouRNAL OF THE AMERICAN 
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Water Works ASSOCIATION carries a very interesting and instructive 

article on the making of flow tests and their value to water works 

engineers and every water works superintendent should give careful 
attention to that article. 

: 7 Another group in our cities who must assume their share of the 
responsibility in the campaign towards decreased fire losses are the 
owners and operators of our stores, factories, warehouses and other 

P buildings in the high value district. This group is under obligation 

| to provide inside fire protection beyond that provided under the 

term public fire protection. If the water pressure is satisfactory 
and the volume sufficient, private fire protection systems may be 

- installed and the property made fire safe. All too frequently we 

overlook the importance of this phase of fire protection service. If 

_ this type of improvement should go hand in hand with the improve- 

- ments in the water and fire departments, our city would make large 

advancement in its efforts towards becoming a fire safe city. The 

; value of a good sprinkler installation, backed by an adequate water 

supply, has been demonstrated in thousands of cases, and the saving 
in insurance premiums will frequently return the cost of such instal- 
lation in a matter of four or five years. In fact, many Indianapolis 

- property owners have effected such large savings as to return the cost 
of their investment in periods not exceeding four and one-half 

years. 

~ During the course of the fire prevention program of Indianapolis, 

our attention has been directed towards the importance of private 

fire protection systems, and authorities advise us that we now have 

a larger number of such installations than are found in cities 

of corresponding size. Further consideration is being given to this 

matter and in the near future we will hold a meeting, to which will 
be invited some 75 or 100 prospects for private fire protection instal- 
lations, and it is our hope that as a result of this meeting many other 

Indianapolis buildings will be transferred from the ‘‘fire hazard 


list” to the “fire retardant list.” 
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STANDARDIZATION OF FIRE HOSE THREADS! 


By J. H. Hownanp? 


In the spring of 1920 a movement was started which as sure as the : 
sun rises and sets is going over the top and extend to country wide : 
proportions. This movement is to enable neighboring communities 

to help one another in effectively combating large spreading fires 
through the standardization of fire hose threads. Of all fire fighting 
facilities there is none upon which life and property values are more > 
dependent than the threaded fire hose connections. That such 
vitally important connections should be universally interchangeable 

or, in other words, in conformity with the adopted National American 
Standard 23-inch fire hose thread is the only sane conclusion. 

In the protected cities and towns of Kentucky a great variety of ; 
widely different hose threads exist, the great majority of which = 
cannot be directly interconnected with one another. Experience 2 
has shown that the providing of adapters to bridge over these misfits = 
has proven costly as well as most unsatisfactory. ; 

From the available records we find that of 54 protected cities and : 
towns in the state of Kentucky the existing threads in 9 are already 
standard, 1 standard in part, 24 are readily convertible to the stand- 
ard, 11 convertible in part and 10 are such as to necessitate complete 
replacement. This would indicate that fully three-quarters of all the 
existing threads can be standardized at little or no expense, other 
than the cost of labor in operating the special tools perfected for the 
purpose under the direction of the National Board. With the re- 
maining 25 per cent the cost of replacement is negligible as compared 
with the additional protection thereby afforded. 

Starting in Michigan and New Jersey seven years ago this move- 
ment has gained rapid headway, until we now have it organized and 
under effective headway in 30 of our 48 states. Of your neighboring 
states those of Ohio, Indiana, Missouri, Arkansas and Tennessee 


1 Presented before the Kentucky-Tennessee Section meeting, January 19, 


1928. 
2 Engineer, National Board of Fire Underwriters, New York, N. Y. _ 
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have this work wholly or largely completed. Legislative bills have 
been passed in Oregon, Massachusetts and Texas making it manda- 
tory for all protected cities and towns in their respective jurisdiction 
to have the National Standard thread; similar bills are under con- 
sideration in Maryland, Idaho and Montana. At the end of the 
calendar year 1927 our progress reports show that upwards of 2700 
of our cities and towns have had their fittings.converted to this 
National American Standard. With a total of something like 
8000 protected municipalities in the United States, about a thousand 
of which were originally standard, it is seen that we are about half 
way towards the desired goal of country-wide standardization. It is 
probable that this work will shortly be undertaken in the south- 
; eastern section of the country. 
-_In recognition of the importance of this movement to the taxpayers 
of Kentucky and as a part of the public service rendered by his 
. organization, George H. Parker, Manager of the Kentucky Actuarial 
= Bureau, has authorized me to state that he will codperate to the extent 
| of providing conversion tools for loan to the communities, and experi- 
enced mechanic to supervise the field work and a truck to faciltate 
getting over the ground. It would seem therefore that the various 
: municipalities and utilities interested in public welfare should get _ 
solidly behind this standardization movement in Kentucky and 
render 100 per cent coéperation in getting the necessary authoriza- 
tions to proceed with the necessary field work at the earliest possible 
date. 

Any city or state is going to be more and more at a disadvantage 
from a fire protection standpoint as it becomes surrounded with the 
one National Standard thread and tolerates the continued use of 

non-standard connections. 

‘ Let us codrdinate our efforts and get Kentucky on the list of states 

. having uniformly National Standard hose threads on all 23-inch fire 
hose connections. 

_ The engineers of the National Board of Fire Underwriters have 
through its Committee on Fire Prevention and Engineering Standards 
been in a position to accomplish much in raising the standard of fire 
protection in our American municipalities. We are indebted to the 
/ : officials and superintendents of both publicly and privately owned 
_ water supply systems for a large measure of our success. To the 
_ Kentucky-Tennessee section of the American Water Works Associa- 
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tion let me express the felicitations and best wishes of the National 
Board. We shall look forward with confidence to your coéperating 
with us in the standardization of fire hose threads and trust that our 
friendly relations may become even closer in the future than in the 
past. 
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INTAKE AND WATER TROUBLES AT MICHIGAN CITY 


INDIANA! 


For the past several years Michigan City has had considerable 
trouble in procuring water from Lake Michigan. Of course, this 
had not been due to lack of water. Some of these troubles may be 
of interest to the Section. ° 

The water consumption of Michigan City is exceptionally high, due 
to the fact that up to a few years ago there were practically no meters 
and at present the percentage of meters is rather low. Two things 
against meters have been the sandy soil, which requires excessive 
water for sprinkling purposes, and the large amount of fine sand, 
which has made meter up-keep high. 

The sand has also given trouble with the pumps and even the pipe 
line, as will be shown later. 

This sand is of a very fine silty character which seems to come in 
after a disturbance on the lake. This fine, as well as coarser, sand 
has leaked into the intake and pipe line, impairing their capacity. 

About 2 years ago the writer was engaged to look into the matter of 
the water shortage and recommended an increase in size of the intake 
pipe line into the lake. This also necessitated the placing of a new 
suction well, as it was not deemed advisable to connect any new lines 
into the other wells and it was also desirable to get rid of as much of 
the sand trouble as possible. 

The old intake lines to the lake were originally 24 and 30 inches in 
size. The 30-inch line ran down to the shore, a distance of about 
1000 feet and from there this line was increased to 42 inches, a dis- 
tance of 3000 feet additional. This terminated in an octagon shaped 
crib, with the suction line elbow looking upward. In 1922 the water 
works superintendent recommended an additional 30-inch line to be 

run in from the shore. This was not done at that time. 

The writer recommended last year that the new line be made 48 
inches in diameter to provide for future growth of the city. 


wr 


1 Presented before the Indiana Section meeting, February 18, 1927. 
-? Consulting Engineer, Indianapolis, Ind. 
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INTAKE AND WATER TROUBLES AT MICHIGAN CITY 683 


In July, 1923, divers were sent down to inspect the intake and 
reported the crib for the 24-inch line as entirely gone. A new crib 
was then built and anchored to the 24-inch line with chains and rock. 
The line itself was leaking in many joints, and the lead caulking had 
worked out letting in the sand. The repairs on this work were com- 
pleted in August, 1923, and this line is now supposed to be in reason- 
ably tight condition. 

As a matter of interest the reports show that the maximum pump- 
age in June, 1922, averaged about 10,000,000 gallons per day; for 
a population of 22,000. 

In 1925, the average pumped was 7,884,000 gallons for a population 
of 26,000 with 4356 water services. The gallons per capita used were 
353 per day. It was believed that part of this high consumption 
was due to leakage. This was afterward found to be true after 
repairing the harbor line. 

After a number of conferences with Mr. Couden, City Manager, 
and Mr. Wade Swasick, City Engineer, it was decided to make this 
new extension to the intake line 48 inches in diameter. This was to 
be connected to the present 42-inch line with arrangement left for 
connecting the 48-inch main to run out into the lake, at a future date. 
A junction well was designed to be placed as close to the shore line 
as possible so that the line as now being built, will consist of a 48- 
inch from the junction well at the shore line to the pumping station. 
The junction well also connects the 30-inch line running to the pump- 
ing station. This leaves a 42-inch line running from the shore into 
the lake. The profile of the new line as compared with the old line 
is of interest. This shows there was a hump in the old line which 
was only one foot below the ordinary level of the lake. 

The superintendent of the water plant advised that at certain times 
the water level at the lake was lower than the top of the pipe, which, 
of course, cut the effective head and practically made a syphon out 
of the line. The shore line in 1914 was close to this hump, whereas, 
the shore line has now receded a considerable distance. 

The new junction well was placed as close to the shore line as 
possible in order to connect the 42-inch line at a lower elevation. 
The 48-inch line was dropped even lower so that when it is extended 
out into the lake, it will be submerged still further at the highest 
point. 

This junction well at the shore line is built around the 42-inch cast 
iron pipe for a length of one joint. The top was left off of the well and 
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after the new line and intake well were entirely completed, this one 
section of 42-inch pipe was cut and taken out and the top of the 
junction well placed. 

The new intake line from the shore is built of 48-inch reinforced 
concrete pipe with a standard type of joint. These are laid the same 
as ordinary concrete sewer lines. Some difficulty was encountered 
at first in getting the first few joints tight as the entire pipe line was 


MICHIGAN 
Fic. 1. Points ror DEWATERING TRENCH 


practically below the level of the lake. Water was kept out of the 
~ trench by well points, which were constantly pumped with dia- 
phragm pumps. 
Near the pumping station quick-sand was encountered and for this 
_ section of the line a concrete saddle was built before placing the pipe. 
_ Approximately 400 feet of this kind of sand were encountered, which 
: made the laying of the pipe very slow and difficult. 


INTAKE WELL 


‘ . _ The new suction intake well is built entirely of reinforced concrete 
___-—-—-82 feet in diameter and 30 feet deep. The lower section was first 
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built to a depth of about 10 feet. After this the interior was exca- 
vated, the weight of the wall sinking the shaft into position. The 
bottom was in blue clay, which was under quick-sand. Considerable 
trouble was experienced in keeping the water out, after the wall was 
sunk, but the system finally used was to place batten boards under 
the wall and drain tiles were laid from the outside to the center, 
being laid in cinders. The water was pumped out with a steam jet. 
The excavation was made somewhat lower than called for to allow 
for some material coming in. The reinforcing steel was then laid 
as quickly as possible, concrete rushed into place leaving an open hole 
in the middle so that the water could rise and not put any pressure on 
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the concrete. This hole was left in the middle of the well directly 
under the column, so that when the column was placed, for supporting 
the roof, it closed the hole entirely. 

The well has a concrete baleony around its entire circumference 
and a reinforced concrete roof and will have a centrifugal pump for 
pumping out sand. 

BAFFLE EXPERIMENTS FOR SAND CATCHING 

The inside of the well is arranged with baffles and screens for 

catching sand which is coarse enough to be settled. In order to get 
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the most efficient design for baffles, it was determined to make some 


experiments with a model proportioned exactly as the finished well. 
The description and plans showing these experiments are herewith 
_ given and were in charge of our resident engineer, Mr. Moore. 


In making the experiments hydraulic principles were disregarded in so 
far as the building of the apparatus proportionate to the large well was 
concerned. It was necessary to force sand into suspension in larger quantities 
than natural conditions would show, in order that the deposits could be noted 
and the experiment concluded in a reasonable time. There were so many 
elements conflicting with hydraulic principles and not mentioned above that 
the model was finally designed on the scale of one inch to the foot as shown in 
figure 2. 

The entire model was made of galvanized iron. The tub was filled with a 
2-inch line carrying normal city water pressure and was constantly allowed 
to overflow. The gate in the tub was installed so that by opening and 
closing it a condition similar to sand in the intake line could be studied. How- 
ever, it was noted that this had no material effect on the results. The one 
inch tap marked {‘Hopper’’ was made in order to introduce the sand. Common 
beach sand was used. The plan of the apparatus is self explanatory, being 
designed as nearly as possible like and to the same scale as the storage well. 
The goose neck out-fall was made of two ordinary four inch elbows, and one 
joint marked swivel joint was not soldered. This goose neck controlled the 
velocity, by being raised and lowered, thus decreasing and increasing the 
hydraulic gradient. 

The first step was to determine the flow through the tank without baffles. 
This was done by filling the apparatus and setting the goose neck so as to ob- 
tain the maximum hydraulic gradient; next red ink was poured into the water 
through the sand hopper and the result was noted. The apparatus was then 
emptied of the tinted water and refilled with clear water. The goose neck was 
raised to give the minimum hydraulic gradient and red ink again introduced. 
The goose neck was then set at a point to give the mean hydraulic gradient and 
all the following steps in the experiment were made with the goose neck in this 
position. Sand was then placed in the hopper and was deposited on the right 
(facing the out-fall) side of the well. 

There was no theoretical starting point known to the writer to determine 
the location of the baffles. The entire experiment was conducted by the trial 
and error method. The first baffles were made of wood and placed as shown on 
figure 3. The results were as indicated. It wasevident from this trial that 
in order to retard the flow through the well as much as possible the water 
should be forced toward the left hand side. It was also apparent that the 
water was quiescent from the long baffles to a point 9 inches around the cirecum- 
ference of the tank measured from the center line of the out-fall. While the 
baffles were in the position described above, the goose neck was suddenly 
lowered and it was found the opening between the long baffles was not large 
enough, also sand was carried through the out-fall in sufficient quantities to 
be caught in a cloth. Most of this sand had been picked up from the bottom 
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of the tank by the swirling action of the water through the two small openings 
between the large baffles. 

The next position of the baffles was as shown on figure 4. The long 
baffles being spread 18 inches apart at the out-fall end and 6 inches apart at the 
center of the tank. An end baffle was added in order that deposited sand could 
not be carried into the out-fall by sudden increase in the velocity through the 
well. As figure 4 will show, this position of the baffles deposited the sand a 
little more uniformly. However, the condition wanted was to throw the sand 
toward the outside wall where it could be more conveniently handled by 
pumps. The goose neck was again suddenly lowered and the 6-inch opening 
was found to be of sufficient size to allow this sudden increase of velocity 
without materially disturbing the deposited sand. A little, however, was 
carried over against the end baffle, but no sand was apparent in the out-fall. 

The baffles were then arranged as shown on figure 5. It was apparent that 
the 2-inch opening on the right side was too small and the 8-inch opening on 
the left too large; however, this arrangement of baffles approached the desired 
results by drawing the sand toward the circumference of the tank. 

The next step consequently was to lengthen the left hand baffle and shorten 
the right hand one. This arrangement and result are shown in figure 6. The 
sand now shows a greater deposit on the right hand side. The natural con- 
clusion was that some place between the last two arrangements was the correct 
answer. 

The baffles were now made of tin and soldered in place as shown on figure 7. 

The final step was to try the last arrangement by setting the goose neck at 
several different elevations and thereby obtaining various velocities through 
the apparatus. 
velocities the sand would be heavier at the circumference and it would also 
show against the end baffle. Conversely, the lesser velocities would settle 
the sand near the center of the tank and more sand would appear just under 
the intake opening. 

In the final design the opening on the right was made 4 feet wide and the one 
on the left 7 feet wide. Two-hinged gates, 2 feet wide, were hung at the end of 
each wall to enable an adjustment of flow by being opened and closed. 


CHARLES BROSSMAN 


The final well will be equipped with baffles of the same proportion 
: and arrangement as shown in the experiments and will also have the 
two hinged gates on the wall of the intake baffle, so that this will be 
more or less adjustable. 

It is believed that this arrangement of baffles will give the maximum 
. efficiency for this size and type of well and the trouble of making such 
experiments was well worth while, as the final arrangement was en- 
tirely different from that which was first thought of. 
: Since installing this well the sand getting to the mains has been 
: greatly decreased and complaints due to sand have ieee stopped. 


The results were generally the same, except that at the greater 7 
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FREEZING OF THE 42-INCH INTAKE LINE 


Another matter of interest on this intake is the trouble from cold 
weather. I am giving herewith information on trouble which occur- 
red in January. The account given by Wade Swasick, city engineer, 
is as follows: 


On Sunday the water was suddenly cut off at 5 p.m. The first idea was 
that the sand had covered the intake line and stopped it up. At that time, 
the impression was that the intake did not have the elbow looking upward. 
It had been supposed that the elbow had been washed out by a storm and that 
the storms had gradually piled up the sand over the end of the intake pipe. 
The ice along the shore was very thick, there being about 20 inches of natural 
ice drift. Two tugs were procured and after a battle of about 8 hours they 
got outside of the breakwater with a diver on board. After the diver had 
inspected the crib, he found that the elbow was turned up as originally placed 
and that there was a 2-by-8-inch timber with 4-inch openings above the top of 
the elbow. The top of the timber screen was about 30 feet below the surface 
and ice had formed on the openings on top of the crib. This seemed to be 
anchor ice.~ 

If I remember correctly the weather had been comparatively mild for two 
weeks preceding the freeze up. The lake temperature at this time was prob- 
ably 50 degrees F. The thought that I have is ‘‘anchor-ice.’’ On the Wednes- 
day preceding the Sunday that the intake froze the temperature dropped to 
10 below and a high wind was blowing with the result that the lake was quite 
rough. It was impossible for the lake to freeze normally under these condi- 
tions, hence fine particles of anchor-ice formed in suspension in the water. 
When the cold water of the surface started downward as will happen under 
these conditions, it carried the small particles of ice along. Capillary attrac- 
tion caused these bits of ice to adhere to the timber screen and the sides of the 
pipe opening. These tiny bits kept building up until the entire screen was 
covered and the water frozen solid to the top. In other words, I think the 
freeze was from the bottom up instead of the more normal order of top down. 

This is not an unusual occurrence in these lake towns, as it also happened 


at Hammond, Whiting, Evanston and Willamette. 
“Tea 


TROUBLE WITH THE BREAK ON THE HARBOR LINE 7 


The water from the pumping station is pumped across the harbor 
to Michigan City. There are two lines, one 24-inch and one 30- 
inch line. Only a short time after the trouble with ice on the intake 
line, trouble occurred on the discharge line running under the harbor. 

The normal pumpage at this time of year for the Michigan City 
water works runs about 5 m.g.d. About 30 days ago this average 
increased to 7 m.g.d. within 24 hours and 3 days later had mounted 
to9m.g.d. This figure exceeded all previous records. It was there- 


> 
- 
. 
> = 
= 


690 ARLES BROSSMAN 


fore apparent that some tremendous leak existed. Industries were 
checked for the use of the water. The entire water department 
checked mains, fire hydrants, ete., but no leak or reason for this 
increased use of water was apparent. At last a workman took a 
pole two inches by two inches by eighteen feetand made an effort 
to locate the 30 inch main under the harbor. The main was too low 
for this man to reach it, but when he made an effort to lower the 
stick in the water the force of the leak 10 feet below the surface 
twisted the pole from his hand. Mr. Wade Swasick, city engineer, 
was immediately informed and he detailed men with long poles to 
(A prod the harbor bottom in order to locate the 30 inch line. At this 
time the writer was informed of conditions. 

No disturbance was apparent on the surface of the harbor nor 
was the water discolored more than its usual muddy gray. The 
workman continued to prod until the mud covering the pipe was 
penetrated. Suddenly the water began to boil up, slime and mud 
appearing on the surface, and the harbor was fairly black for a radius 
of 100 feet around the leak. 

~ The diver, William Lehndorf, was called from the Great Lakes 
b. Construction Company, Chicago, and was requested to make an 
inspection and report. At the moment the diver was emerging the 
fountain of water was swung back and forth for a distance of 20 feet. 
The size of the leak can be appreciated when it was pointed out that 
the water was bubbling up one foot high and about 10 feet in diameter. 
This force was carrying up through 25 feet of water. 

The diver reported a broken joint 20 feet from the swivel joint, 
about 15 feet out from the shore. 

Fogelman and Dawson rushed their crane to the harbor and im- 
mediately started excavating around the submerged main. They 
worked all night and accomplished quite a bit, however. The next 
morning the diver reported that the crane had been unable to reach 
out far enough to uncover the leak. It was now apparent that the 
repair job would take considerable time. Fogelman and Dawson’s 
Austin was released and the Subway Engineering Company brought 
their P. H. crane on the job. Piling was driven and a run way con- 
structed. For 2 days the excavation process continued. The diver 
then made a third inspection and ordered one 12-foot length of 30- 
inch pipe and a sleeve. The next job was removing the old section. 
It was necessary to dynamite in order to remove the bad section. 
When the broken pipe was brought to the surface true conditions were 
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discovered. It was evident that this section of pipe had been cracked 
around the bell, when it was laid 14 years ago. Constant erosive 
action had worn this crack wider and wider. Even the heads of the 
inch and a half bolts had been entirely worn away. 

After the new lengths had been installed the line was tested with 
air and another leak was found 30 feet farther out in the harbor. A 
crack was found running the entire length of one pipe and varying in 
width from } to } inch. 

The present plan is to replace this broken pipe in the same manner 
that the other repair was made. Plans are now being made to con- 
struct a tunnel under the harbor. I have communicated with the 
City Engineer pointing out that in our sanitary improvement it will 
probably be necessary to construct an inverted siphon and that it 
might be economical and possible to make our harbor crossing in the 
vicinity of the present 30-inch main and that this concrete tunnel 
could be constructed to take care of both lines. 

From the above it will be noted that, even though there is un- 
limited water at hand, there is always some difficulty in procuring 
it. At the present time, we are making a complete investigation of 
the sanitary and water conditions for Michigan City and recom- 
mendations are being made to provide for these difficulties. The city 
contemplates taking care of sanitary arrangements, sewage disposal 
and such improvements to the water works as will provide them with 
a safe, wholesome and clear water. i bale 
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The word “aeration” immediately suggests to us that oft repeated 


ss statement “‘running water purifies itself,” which is so firmly fixed in 
_ the mind of the layman. Associated with this phrase is also the 
5 term “pure air,” and the combination of running water and pure air 

has quite a psychological effect upon an individual viewing for the 
_ first time a large installation of spray nozzles. 

If it were not for the fact that the water spraying through these 
nozzles is sometimes muddy or turbid, a great many people would 
feel satisfied with no further treatment. This statement, of course, 
applies only to the average visitor at the treatment works and not to 
those who are somewhat curious and who may ask “Just why do you 
do it?” In such cases one is sometimes at a loss to give a straight- 
forward simple answer. 

Donaldson has very ably presented this subject in a concise way 
in the Manual of Water Works Practice, and therein he has also 
pointed out that a clear, definite understanding of the principles 
and limitations is still lacking in the minds of many engaged in the 
practice of water treatment. 

Aeration principles appear to have been recognized in design of the 
~ Roman Aqueducts, the sides of which were left rough (6). 

In the Magdeburg, Germany plant (4) beneficial results of aeration 
undoubtedly were secured by the cascading from a higher to a 

lower filter bed. 

In France, in the so-called non-submerged filters (5), the water 
was sprayed into the air continuously over a bed of sand similar to a 
sewage filter. 
7 As early as 1812, Dickinson and Maudsley (1), proposed to oxidize 
organic matter by simply forcing a stream of air through the foul 
or tainted water by means of bellows or pumps. 
In 1868 aerators were employed in Germany. 


1 Presented before the Water Purification Division, Chicago Convention, 
June 9, 1927. 
? Chemist in Charge, Water and Sewage Purification, Fort Worth, Texas. 
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Experiments were made by Leeds in 1883, who demonstrated that 
there was no improvement in the water after passing over Niagara 
Falls, and that no direct oxidation took place. This was verified by 
Frankland who said ‘‘That to get rid of organic matter by exposure 
to the air for a short time is absurd.” 

Nichols, in 1888, points out that, y 


Although a water colored by vegetable matter loses color when exposed to 
sunlight in closed vessels, it is probable that the changes which take place 
in storage basins are due partly to the action of the air. There is no doubt 
that the passage of water over natural falls or artificial dams tends to its 
improvement. In the larger reservoirs and ponds the winds play an impor- 
tant part in agitating and aerating the water, but it is very doubtful if any 
scheme for artificially aerating the water would accomplish enough to pay 
for the outlay involved. 


Dr. Drown, in 1891, in the Report of the Massachusetts State 
Board of Health, stated clearly the various principles involved. 
Fuertes (3) in 1901, says, ay 


The aeration of water by passing it over cascades or falls is popularly sup- 
posed to do much toward its purification. The greatest fields of usefulness 
for this treatment, however, are for the oxidation of iron in solution, the 
removal of disagreeable gases, the prevention of stagnation, and the retarda- 
tion of growth of certain forms of vegetal life in the water which by their 
development impart disagreeable odors and tastes. Generally speaking, 
aeration is ineffective except for the purposes stated, sometimes it may even 
have the opposite effect to purification. 


Hazen and Fuller’s report in 1907 on the New York water supply 
mentions experiences with aeration at various places. It is of 
interest to note that they stress the point ‘‘that exposure should be 
in fine drops and not in channels,” and that the experiences men- 
tioned were from plants employing slow sand filtration or storage 
reservoirs alone. 

Whipple’s (21) experiments of 1907, published in 1913, gave 
quantitative expression to the results obtained in aerating waters 
containing carbon dioxide and hydrogen sulphide gases and odors 
due to oil of peppermint. He pointed out that when water is 
exposed in drops the carbon dioxide is reduced to 50 per cent less in 
winter than in summer. 

It appears that aeration has been developed in several successive 
steps, the first attempts being an effort to increase the dissolved 
oxygen content and possibly the oxidation of organic matter, then 


the next step being the removal of objectionable gases such as carbon 
dioxide and hydrogen sulphide, with resulting precipitation of iron 
and manganese and finally the sweeping out effect and interchange 
of oxygen for odor removal. 

Since in any chemical or physical reaction the reaction rate is 
proportional to the reacting surfaces exposed, it follows that the 
greatest aeration efficiency would be attained when approaching 
atomization. ‘Tending to offset this would be the splashing effects, 
evaporation and economic operation. To show this surface effect we 
might make use of an illustration. If we were to assume a gallon 
of water in a spherical condition, we would have a sphere about 

8 inches diameter and having a surface area of about 182 square 
inches. If this gallon of water were to be exposed in a flat sheet of 
+ inch thickness such as might be produced by flowing over a weir, 
we would have a surface area of about 3700 square inches figuring 
both sides and, if the water were broken up into drops of } inch 
diameter we would have about 10,700 square inches of surface 
exposed. 

Donaldson’s (14) experiments at Memphis verify this. In a study 
of aeration devices for carbon dioxide and iron removal, he tried 
triple tray coke scrubbers, metal pans with perforated bottoms, 
vertical riser pipes, riser pipes with splash tables, nozzles with 
inspirator effect, Spraco nozzles and riffle boards. He concluded that 
the spray nozzle was the most effective for removing carbon dioxide. 

One of the disadvantages of nozzle aeration is the additional pump- 
ing head involved. This has led to the development of the Sacra- 


~ mento nozzle or floating type by Gillespie and Hyde (23). 


The methods used to bring about aeration are mostly all based 
upon forcing the water through the air, although there are instances 
where air is pumped into the water. Such a method was recom- 
mended for Waltham Abbey and Rammey Marsh in England (22). 


AERATION AND IRON REMOVAL 


Simple aeration alone is not ‘always as efficient as it might be in 
iron removal, but, in order to secure the best results, a roughing filter 
of some sort is necessary. If iron is rather loosely held in solution, 
a small amount of aeration is sometimes an advantage over the 
spray system. If, however, considerable carbon dioxide is present 


the spray nozzle is best. 
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The principles of iron removal by aeration are well set forth i in the 
statement of Darapsky (11) translated by Kimberly (12). ‘The 
removal of iron from water requires the very intimate admixture of 
an excess of air (oxygen) following which to secure coagulation 
the water must be subjected to the catalytic action of previously 
precipitated iron sludge.” 

This principle is made use of in the various designs of iron re- 
moval plants, and in the so-called Anderson process. 

In support of this theory is the experience by Pearse, Greeley 
and Hansen (13), at the Benton Harbor, Mich., experimental plant 
where aeration and four and two-thirds hours sedimentation removed 
no iron, but sand filtration afterward removed all of it. 
hi REPRESENTATIVE PLANTS FOR IRON REMOVAL | 
- Among the earlier plants we find: Lowell, Mass. (7), Asbury 
Park, New Jersey (8), Reading, Mass. (9), Far Rockaway, New 
York (8) and Middleboro, Mass. 

At Virginia Beach the water supply obtained from wells carried 
enough iron and odors so that it was unfit for drinking, kitchen or 
laundry uses. The raw water contained from 100 to 125 p.p.m. 
carbon dioxide and 2.2 p.p.m. iron. Spraco nozzles surrounded by 
a louvre fence were installed, and by their use the carbon dioxide 
was reduced 84 per cent. 

At Leroy, Ohio (16) Kimberly designed an aerator followed by 
roughing filters which removed all the iron present in the water. 

Professor A. N. Talbot (17) at Urbana-Champaign introduced raw 
water into the filters by means of a vertical riser pipe covered with 
an orifice plate. The raw water contained 2 p.p.m. iron and no 
oxygen. He obtained a good effluent practically saturated with 
oxygen. 

The water supply at Berlin is aerated to remove iron. Noz- 
zles are employed in which two jets of water impinge on each other, 
somewhat similar to the old acetylene lamp burners. 


2 Copenhagen is another city aerating water for iron removal. 


Donaldson has published results secured at a number of renal 
It is superfluous to repeat them here. tanteeon nth 2 ia 
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AERATION FOR HYDROGEN SULPHIDE REMOVAL 


_ the utilization of aeration for hydrogen sulphide removal, a 
rather short exposure is all that is necessary. Pumping wells with 
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air lift is sometimes sufficient. At Columbus, Ohio, the Buckeye 
Steel Casting Company pumped water from deep wells with an air 
lift. A noticeable odor was always prevalent in the vicinity of the 
wells, but chemical tests at the laboratory failed to show any hy- 
drogen sulphide after it had been discharged into the receiver. 

Enslow has found that chlorine reacted quickly with hydrogen 
sulphide with a resulting precipitation of sulphur. Chlorination 
before aeration, therefore, would be a better method for eliminating 
hydrogen sulphide gases than aeration alone when hydrogen sulphide 
is present in excessive amounts. : 

De Laporte (27) has mentioned the decreased chlorine dosage 
of the water at Essex, Ontario, due to the removal of hydrogen 
sulphide by aeration. 

Savings have been effected in one plant using alum and soda ash 
as a coagulant by reducing the carbon dioxide present in the raw 
water by means of aeration. row path. 

AERATION FOR TASTE AND ODOR REMOVAL 

There exists some misunderstanding as to the principles of aeration — 
for taste and odor removal. 

Waring (24) has shown the relation between oxygen deficiency and 
earthy tastes. This condition is characteristic of the southwest 
surface waters. Aeration alone improves the condition only slightly, 
but in combination with filtration there is a decided change. 

A series of experiments conducted at Forth Worth, Texas, a few 


- years ago, demonstrated that at certain seasons coincident with 


tastes, the dissolved oxygen was as low as 47 per cent saturation. 
Aeration increased it to saturation or slightly over. While in 
practically all instances no tastes were noticeable at the plant, 
samples taken at some distance from the works showed taste, the 
intensity of which appeared to be proportional to the distance from 
the plant. The nitrogen cycle as measured by free and albuminoid 
ammonia and nitrites and nitrates was undisturbed. No change 
in taste could be traced to aeration alone although after filtration a 
decided improvement was noticed. 

It has been demonstrated a number of times that no oxidation of 
organic matter takes place to any appreciable extent and that im- 
provement is due solely to the sweeping out effect of the air. 

It would be futile to expect any oxidation of organic matter without 
the presence of certain microdrganisms. This has been repeatedly 
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demonstrated in the various experiments with sewage treatment 
by the activated sludge process. Assuming that the proper organ- 
isms are present there is still a time factor to consider. These may 
account in part for the results obtained by aeration followed by 
filtration. 

A distinction should proably be made between odors and tastes 
of decomposition and those of growth. It would be expected that 
the former would yield quicker to the sweeping out effects than the 
latter. The experiences at Dallas, Texas appear to verify this. 
The water is from an impounded lake and there are taste and odor 
troubles in summer. The practice is to chlorinate the raw water 
with a dose of 0.90 to 1.20 p.p.m. and then aerate by means of vertical 


riser pipes discharging over steps. 
Mr. O. M. Bakke, superintendent of the plants, reports as follows: 7 
I think most of the chlorine passes off during aeration. I have not the figures 5 
just after the water leaves the aerator, but by the time it leaves the mixing : 
chamber there is only a trace and none when it leaves the settling basin. Be- . 


fore pre-chlorination we had very serious taste troubles that were not relieved 
by aeration. Judging by the odors given off at the aerator it must have 
lessened the taste slightly before chlorination was used, but nevertheless it 
was ineffective. I feel sure that chlorination is more effective than aeration. 


the water is recarbonated. Here the carbon dioxide gas mixed with 
some air is pumped into the filtered water. An improvement in 
taste is reported. 

St. Paul, Minnesota reports improvement in taste and odors by 
aerating the water as it flows through the mixing chamber. An air 
diffusing pipe is laid in the bottom and air under 5 to 6 pounds pres- 
sure is applied at the rate of 6000 cubic feet per million gallons. The 
additional cost was 50 cents per million gallons. 

The experiences of New York, Richmond and Danville, Virginia, 
and West Palm Beach, Florida have been mentioned by Donaldson. 
To this might be added a number of others all of whom report im- 
provement, among them being Appleton, Wisconsin (25), Blooming- 
ton, Indiana (26) and a number of smaller plants. 

At Whiting, Indiana, Hansen (28) found improvement in taste and 
odors caused by oil refinery wastes, but no improvement was noticed 
when phenol wastes were present. 


TASTE REMOVAL 
; " Beneficial effects have been noticed at Defiance, Ohio (30) where + 
= 


Bartow (29) recommends aeration after chlorination to remove 

AERATION AND BACTERIAL REDUCTION > 

At Tyler, Texas, 2 tests were made and they report 60 and 40 per 
cent respectively reduction in total bacteria due to aeration. 

A series of 127 tests made daily beginning in August 17, 1922 and 
extending through to January 13, 1923 at Forth Worth, Texas showed 
a reduction of 35.6 per cent in total bacteria growing on agar at 37°C. 

Several factors might be cited as being responsible for this, such 
as oxidation of the bacteria themselves, or mechanical destruction. 
The factor which we regard as contributing most is that of the bac- 
teriacidal effect of the intense sunlight in this region. 

A questionnaire was sent out to 54 water works superintendents 
in Texas, to which 30 replied. Of these 30 replies, 15 represented 
well supplies, 14 surface waters, and one a mixture of both. Of the 
15 well supplies representing a population of 679,800, 12 report no 
taste or odor troubles. One supply serving 3200 has trouble with 
hydrogen sulphide, another representing 10,000 has iron trouble, and 
a third, Houston, reports occasional tastes attributed to iron bacteria. 
Aeration is resorted to in the treatment of the hydrogen sulphide and 
iron containing waters. Of the 14 surface supplies representing a 
population of 791,000, only one supply caring for 45,000 people re- 
ports freedom from taste and odors, while all the others report 
trouble coincident with hot weather or low water. The tastes are 
always reported as coming from algae. Of these 14 surface supplies, 
8, representing a population of 597,000, report aeration in some form, 
2 using spray nozzles, 5 using riser pipes and cascades, and one forcing 
air into the water by means of a paddle wheel. In all instances an 
improvement in taste and odor is indicated. 

In the Treasury Department Water Supply Standard we find that 
they specify; ‘““No odor of hydrogen sulphide, chlorine or other sub- 
stances and the water should be free from odors caused by the 
presence of microscopic organisms,’—and that ‘Iron as Fe, should 

not exceed 0.3 p.p.m.” 
If these requirements are to be met there is no doubt that there will 
be a great many aerator installations in the future. As soon as the 
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public recognizes that tastes and odors can be eliminated, or at least 
reduced, by some method they will demand it. 

The use of pre-chlorination or super-chlorination followed by 
aeration offers a great field of possibilities. 

Another use of aeration is suggested in connection with swimming 
pools. It has been our experience that a 3-inch pipe spraying water — 
in the air over a pool, apparently satisfies the general public more | 
than a 6-inch line discharging sterilized, filtered water beneath the 
surface. 
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DISCUSSION 


: 

Puitip BurGceEss: It is well known that in most instances aeration 
is a fundamental part of iron removal. The author called attention 
to the fact that catalytic action is required in order to get the iron in 
the proper form to precipitate. This can be combined with aeration 
very nicely by using an aerating tower of the type used in Germany 
for many years. The speaker has built two plants in Ohio where 
the well water used as a source of supply contains iron. Water from 
the wells is discharged over the top of horizontal trays, 12 inches 
deep, containing coarse granular material. It makes no difference 
what that material may be so long as it is somewhat porous. The 
trays are 12 inches deep and about the same distance apart. Passage 
of water through the trays causes both aeration and catalytic action. 
The latter occurs in the material as the water percolates through the 
trays. After passing through the trays, the water should be red. 
A settling basin has little, if any, value. A basin of small capacity 
has perhaps some value in the treatment to provide time necessary 
to complete the reactions started by passage through the aerator. 


Mr. Koyt: I belong to one of the railroads, and I want to say a 
word concerning the action of free CO, in water as we experience it. 
I make no statements about municipal plants or stationary boilers 
in general, because I do not know much about them, but in the case 
of locomotive boilers we have had some definite experience. 

Six or seven years ago we used to think CO, in water a dangerous 
article in the matter of corrosion, but when we put lime-soda water- 
treating plants on the road which extracted the CO, and reduced the 
mineral matter in the treated water to two grains per gallon of cal- 
cium carbonate, three or four grains of sodium hydroxide and various 
amounts of sodium sulphate and chloride, we found that this water 
which was entirely free of CO, pitted the boilers almost as much as 
it did before we put up the water-treating plants. That of itself 
settled for all time the question of the action of CO. as the main 
pitting producer in locomotive boilers. 

Then we noticed up in Northern Montana where we had a water- 
treating plant at every water station, that the pitting with this 
treated water was confined to the front half of the boiler. Pre- 
sumably the steel was of the same character from end to end of the 
boiler and was not changed by the temperature. The difference be- 
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tween front and back pitting was certainly not due to any weakening , ! 


or electrolytic effect in the hot end of the boiler, because in that end 
the flues are surrounded in the flue-sheet by copper ferrules and the 
electromotive force between steel and copper is much greater than 
between any two pieces of steel. If difference of electric potential 
controlled the situation the flues in the back end of the boiler would 
not last a month. 

But the water entered those boilers near the front end at the 
injector temperature of about 170°F., then mixed with the other 
front-end water at a temperature above 300° and slowly passed back 
to the firebox where it reached its final boiler temperature; and we 
soon found that during all this time it was losing its dissolved gases, 
of which the oxygen dissolved from the air is the only important one. 
Our immediate conclusion was that the oxygen dissolved in the 
water was the controlling factor in the cycle of operations which 
result in pitting, because the disappearance of oxygen from the water 
to the steam space was the only important difference we could find 
between conditions in the front half and the back half of the boiler. 

Later we added to one of the boilers an open locomotive feedwater 
heater, attached to the outside of the boiler and so arranged that cold 
feedwater from the engine tender is delivered into the cast-iron 
chamber of the heater in a spray to meet there the exhaust steam from 
the engine cylinders, be raised to a temperature of about 215°, give 
up its. dissolved gases to the little chimney, and then drop to the 
hot water pump which sends it to the boiler. Remember that when 
water is delivered in a spray into a stream of hot steam it is much 
easier to heat the drops and discharge the dissolved gases than it is 
when the water is in a mass like water in a barrel with a mechanical 
stirrer. 


For comparison this locomotive has an exact mate, using the . 
same water and doing the same work, but without a feed-water : 
heat. With the heater engine we extract about 60 per cent of the = 


free oxygen on the average, but 80 per cent when everything is going 
right. These boilers have been running two years in our worst pit- 
ting treated-water district. Every two months we take out a couple 
of flues from each. The feedwater boiler is still in good condition 
with scarcely a pit mark in her, but the companion boiler has lost 
about half her flues to the scrap heap because of pitting on the 
front half. There is very little on the back half. 

7 The theory of the action of the oxygen is that when an atom of 
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iron from a flue dissolves iu che water it releases on the cathodic 
surface an atom of hydrogen; that these atoms of hydrogen cling to 
the flue and soon form a film about the flue which protects it and 
‘ stops the electrolytic current which is the primary cause of the 
_ pitting. Without oxygen in the water this film is permanent and 
pitting stops, but with oxygen in the water the hydrogen and the 
oxygen combine chemically, the protecting film is destroyed and 
pitting proceeds. 
Compared with the power of this oxygen action, the effect of free 
CO, is infinitesimal and may be neglected. 
WELLINGTON Donatpson: Mr. Mahlie covered his field so 
thoroughly that it would seem superfluous for me to take very much 
time in discussion. Of the various points which he has brought 
up the most interesting one to me is the bacterial removal and is one 
a which is quite a novel feature. I think if anyone in whom I had 
os confidence than I have in Mr. Mahlie, had made that state- 
oe ment, I might have asked the court to recount the ballots, but when 
Mr. Mahlie gives these results of some 127 bacterial experiments 
“eq on a series of samples, I am bound to believe this thing has happened 
eh down in Fort Worth. This is certainly a very interesting thing in 
- connection with aeration. If these results can be confirmed else- 
: _ where it would mean we have added to our kit of tools in the purifica- 
Aa _ tion game another process which is quite useful in reducing bacterial 
loading. 
~ Se Another interesting point brought out by Mr. Mahlie is the re- 
om moval of chlorine by aeration. That would seem to extend the 
_ possibilities of water treatment somewhat, in allowing over treat- 
‘ment with chlorine and removal of the excess of chlorine before the 
7 ‘Se water reaches the consumer. Just how far that method could be used 


new plant was put into service 3 years ago, tests were made on 


ra = mine, as he actually made the tests. I simply state that it was 


- found that the spray aerators removed as much as 90 per cent of the | 


added a few minutes before aeration. 


cas There is one feature of aeration which has not been touched on — 


ions one which the late Professor Whipple was very fond of dwelling — 


we remains to be seen. I recall that at Richmond, Virginia, when the 


os _ the aeration system, which consists of 300 spray nozzles, handling ~ A 
filtered water. Ido not want to speak very much about those results _ 
“ee Mr. Baldwin of Richmond is here and his memory is better __ 
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upon and that is the aesthetic value ‘of aerators. There is no doubt 
that to the average citizen aeration is one of the most attractive 
features of the water plant. Purification men accustomed to show- 
ing visitors about the plant will agree with me, if you have an attrac- 
tive aerator, your plant visitors will spend most of their time around 
it while more important features of the plant go unnoticed. 

I should like to mention also the value of aeration outside of the 
usual function of removing appreciable odors in the raw water or the 
filtered water. Those are clear cut cases where you have something 
definite in the water and where it is obvious that aeration is of value 
in improving the quality of the water. There are many other cases, 
however, where the water as delivered to consumers might be ad- 
judged as of fair quality of filtered water and without any objection- 
able taste or odor. Yet in many instances aeration of that water 
does improve its palatability and make it more attractive, without 
changing chemical constituents in measurable quantities. hot ae 
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PREVENTION OF SUB-AQUEOUS CORROSION BY 
ELECTRO-CHEMICAL POLARIZATION 


To combat satisfactorily a problem of such complexity as the 
erratic corrosion of metals, it is first essential that some practical 
theory be promulgated for its cause. The slow but sure process of 
the scientists in unravelling the immutable laws of nature have 
brought us to our present state of understanding of the causes for 
this phenomenon, thus making it possible to apply the theories in 
an ameliorative manner. Therefore, as we in our limited way look 
into the future we can visualize a slow evolution from the present 
“Rusting Iron Age” to a “Rustless Iron Age,” and we seem to be 
living in the transition period. 

The two principal fields of corrosion are atmospheric and sub- 
aqueous or the disintegration of the metal when entirely or partly 
immersed in a liquid bath. For the former the use of protective 
coatings such as paints has helped, but due to the renewal expense | 
and ever increasing limitations of its use and afforded protection, 
there has, within the last few years, been marked advance in the 
manufacture of non-corrodible metals. 

To bring out the fact more clearly that protective coatings have 
their limitations, I quote a statement from a recent trade journal: 


= 


At a conservative estimate, corrosion costs America alone a half a billion 
dollars a year. This figures in the industrial budget in the form of increased _ 
_ maintenance costs, curtailment of production incidental to the installation 
_ and repair of equipment, and very often loss of customers due to the rusting | 
of machine parts in transit. 


— Production of non-corrodible metals is increasing at a rapid rate 

F _ and today we have available for various uses, aluminum, copper, 

_ a brass, bronze, nickel, lead, tin, silver, zinc and a large number of 
alloys such as duralumin, monel metal and duriron resulting from a 


‘ 5 1 Presented before the Illinois Section meeting, March 30, 1928. Bus 
- * Water engineer, Wabash Railway Company, Decatur, Illinois. 
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combination of some of these, or with iron, steel, chromium, man- 

ganese, silicon, etc. However, none of these metals have the uni- 

versal attributes of iron and steel, in that they are either more ex- 
pensive or do not give satisfactory service, or both. Thus, this is 
still a good field for the research man. 

On turning to under-water corrosion we soon find that the problem > 
becomes more involved and that protective coatings are difficult to 
maintain and sometimes accelerate the corrosion. It was always 
noticed that absolutely dry iron did not corrode and that the rate of - 

corrosion was affected by the amount and quality of moisture sur-— 
rounding it, also that the flow of an electric current from it to the | 

liquid had marked effect upon the rapidity of destruction. In 1883 _ 
the celebrated English scientist, Michael Faraday, expounded his 

first law of electrolysis as follows: ‘The quantities of substances | 
set free at the electrodes are directly proportional to the quantity of 
electricity which passes through the solution.” Shortly afterwards | 
he made a little more definite statement in his second law which says 
that “The same quantity of electricity sets free the same number of — 
equivalents of substances at the electrodes.”’ Thus the quantity of 7 
iron liberated at the anode during the passage of two amperes of 
electricity through a solution is double that removed when one am- 

pere passes through the solution. This led to the development of Re < 

the table of electro-chemical equivalents for the elements and the __ 

finding that 26.8 ampere-hours deposit 1 gram—equivalent of any 
substance. 

In the water works field you are familiar with the deleterious © 
‘effects of electrolysis produced by stray or thermal currents and } 
frequently you are able to estimate fairly close the magnitude of the | 
current flowing. 

However, this did not entirely explain the corrosion of iron when 
there was no apparent flow of current, and in 1903 W. R. Whitney 
presented his classic work on the theory of electrolytic corrosion 
(J. Am. Chem. Soc., 25, 394). He pointed out that, 


Practically the only factor which limits the life of the iron is oxidation, 
under which are included all the chemical process whereby the iron is cor- 
roded, eaten away or rusted. In undergoing this change, the iron always 7 : 
passes through or into solution, and as we have no evidence of iron going into r i 
aqueous solution except in the form of ions (electrically charged atoms), we —_ 
have really to consider the effects of conditions upon the potential difference 
between iron and its surroundings. The whole subject of corrosion of iron 
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_ is therefore an electro-chemical one, and the rate of corrosion is simply a — 
function of electromotive force and resistance of circuit. The velocity with 

_ which the process proceeds will depend on the temperature and on the hydro- 
gen ion concentration of the water, etc. 


With the view of arriving at more absolute values for those postu- 
lated by Dr. Whitney, many investigators have been doing work in 
line with his theory and in substance it is still held to be good. | 
‘Nevertheless, there is yet some dissension in the research ranks, but 
when you perceive the influence that a dozen or more factors have | 
upon the rate of corrosion, you will understand the possibility of 
erroneous conclusions. Some of these factors are, solution pressure — 
of the metallic iron, hydrogen overvoltage, hydrogen ion concentra- 
tion, velocity of flow, temperature, density, catalytic agents, oxygen, 
character of protective films, current density, passivating agents, 
metallic salts in solution, ete. These, as I have stated, control the 
rate of corrosion, but the basic cause for this phenomenon is the 
tendency of the iron to dissolve known as its solution pressure and 
the exchange of the positive charge carried by the hydrogen ion to 
the iron atom producing a soluble ferrous ion and monatomic hy- 
drogen as illustrated in the chemical equation. 


(1) Fe + 2H Fe + 2H 
Metallic Ionic Ionic Monatomic 
Iron Hydrogen Iron Hydrogen 


: : This is the principal of the galvanic or voltaic cell and means that 
chemical energy is transformed into electrical energy and the electro- 
motive force produced will be influenced by the difference of poten- 
tial between the anode and the cathode pole and the hydrogen ion 
concentration or pH value of the liquid or electrolyte. The hydro- 
gen leaves the solution at the cathode and plates out as a gaseous 
protective film. If it remains the cathode potential will be raised to 
that of the anode where the iron went into solution, thus producing 
an equilibrium and no current flow. The reaction will cease if the 
hydrogen film is not removed by oxidation to form water or by its 
evolution as a gas due to the voltage pressure being greater than the 
polarization pressure or by physical means. For many industries 
the polarizing effects of the hydrogen film is very undesirable, but 
you can readily see that it is most desirable for the protective film to 
be maintained in order to prevent iron from going into solution. 

In the foregoing the two basic causes for corrosion of iron are given, 
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local galvanic action. The former is due to electrical currents gener- 
ated by some external force passing from the iron to the water and 
the latter is due to electrically different parts of the iron caused by 
heterogenity and various other influences. With this in mind one 
can readily see that a system for the prevention of corrosion must in 
some way or other effectively counteract these two main types of 
current flow. 


ELECTRO-CHEMICAL POLARIZATION SYSTEM 


In the development stages of the electro-chemical polarization 
system as applied to locomotives, these fundamentals were given 
every consideration as well as the various factors that affect the rate 
of destruction. In this age of specialization, it so happens that the 
system has been developed in the locomotive field. A water works 
man no doubt is indirectly, if not directly, interested in the effects 
the millions of gallons of water he supplies the locomotives has upon 
the boiler parts and general locomotive operation. 

If he is furnishing an undesirable water he probably has received 
complaints to this effect. These complaints, whether due to the 
incrusting, foaming or corrosive quality of the water, occasionally 
are quite an influential factor in justifying a change of supply or 
method of treatment or both. Inthe matter of corrosion he may not 
have as yet been cognizant of the fact that the water is causing pit- 
ting or grooving, or general corrosion, thus requiring the scrapping 
of large portions of the locomotive boilers at frequent intervals. 
It is possible that as our knowledge of the mechanism of corrosion 

‘increases, as it surely will, these complaints will become stronger and 
justifiably so, for the chemical composition of the water has a very 
marked influence on the rate of destruction. 

There are in the United States alone, about 72,600 locomotives, 
61,000 of which are operating on what is known as Class 1 railways 
and it is conservatively estimated that from $12,000,000 to 
$15,000,000 are spent annually for repairs to pitted and corroded 
boilers. The type and location of the corrosion varies considerably, 
but pitting and grooving are the most destructive no matter where 
they take place. 

At Bloomington, Illinois, the Chicago and Alton switch engines 
using city water, the poor quality of which you are all familiar with, 
begin to have flue failures through pits in as short a period as nine 


namely that type produced by electrolysis and that resulting from a 
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PREVENTION OF SUB-AQUEOUS CORROSION 


months after flue application. Upon shopping it is frequently neces- 
sary to discard from $200 to $1500 worth of pitted flues and may be 
the entire firebox, bringing the total corrosion damage up to from 
$2500 to $4000 per shopping. 

This is an ideal place to test the effectiveness of an anti-corrosion 
scheme and in October 1924 one Polarization system was installed in 
one of the Bloomington yard engines and one in a C & A passenger 
engine under the supervision of Mr. L. O. Gunderson, chemical 
engineer for the road. ; 

These original test installations gave immediate protection against 
the corrosion of the boiler interior and only slight changes have been 
made up to the present time. The workings of this system of pro- 
tection can be best described by referring to figure 1. 

From this you will see that the positive pole of the headlight genera- 
tor is connected to resistance coils and fuses located in a metal box 
on the interior of the locomotive cab and from this box the connect- 
ing wire runs to two electrodes protruding through the boiler shell 
at points diagonally opposite each other. These electrodes are se- 
curely connected to two thoroughly insulated and rigidly clamped 
iron pipe anodes, both of which are at ail times below the surface 
of the boiler water. The negative pole of the generator is grounded 
to the boiler shell, thus causing the direct current to flow through the 
resistors to the anodes, and from the anodes through the boiler water 
to the water immersed portions of the boiler and back to the nega- 
tive pole of the generator thus completing the circuit. The resist- 
ance units are made to provide approximately 2 volts and from 2 to 
3 amperes to each electrode, giving about 2 milliamperes per square 
foot of protected surface. 

The imposed current functions to eliminate any electrolysis cur- 
rents that might originate externally or be set up by thermal differ- — 
ences in the boiler, but since the greatest amount of corrosion is due 
to galvanic action the fundamental work of the imposed current is | 
to maintain, in conjunction with an arsenic plating, a protective — 
film of hydrogen on the cathodic surfaces of the boiler. As previously 
stated, the destructive currents set up by electrolysis are different 
than those produced by the differences of potential in the metal 
caused by various conditions such as impurities or grain stress, giv- 
ing rise to the local galvanic couples, consequently, two different 

-methods must be used for their elimination. 


It can be demonstrated experimentally in the laboratory that a 


metallic body acting as a cathode in an electric circuit does not stop 
local galvanic couples from functioning at any point or points on its 
surface. (Railway Review, Sept. 4, 1926). 

U. R. Evans in his book “Corrosion of Metals’ 1924, page 186, 
also brings out this fact in the following: 


_ It should, however, be stated that to prevent misunderstanding, that there 
is no fundamental reason why corrosion should necessarily cease when a 


may still be flowing between different parts of the surface. 


Mr. Speller in his researches has found this same condition to exist 
and in his book “Corrosion: Cause and Prevention,” 1926, page 433, 
says, leroy 

pads 

Local electro-chemical action will continue on a surface which is within 

the protective influence of an externally applied current. It is, therefore, 

unsafe to rely too much on electrolytic protection without taking other 
precautions. 


One of the reasons for using arsenic instead of any other metal is 
due to the ease with which it can be plated upon iron, in fact it will 
plate out by immersion and in this respect is similar to copper, but 
the most important reason for its use is due to the high discharge 
potential it has when hydrogen is plated upon it. This rapidly causes 
polarization of the galvanic couples set up upon the metal surfaces 
and due to the function of the countercurrent supplying an exces of 
hydrogen to react with the oxygen or other oxidizing agents entering 
the boiler, the protective hydrogen film will be undisturbed. The 
arsenic plating alone would not prevent corrosion, if there were any 
oxidizing agents present to remove the hydrogen film, thus disturbing 
the equilibrium set up by its polarizing effects. 

Again referring to figure 1, you will see that the iron pipe anodes 
extend for almost the entire length of the flues, thus with low voltage 
good distribution of current is insured throughout the boiler. Only 
enough current is required to plate out sufficient hydrogen to main- 
tain the polarization of the arsenic plated cathode areas, and supply 
an excess amount of nascent hydrogen at the boiler metal surface to 
reduce chemically any oxygen which may diffuse through to the metal 
surface. The arsenic plating is maintained by adding an arsenic 
salt to the boiler in amounts varying from 2 to 4 pounds per month. 
The system requires that the imposed direct current be supplied to 


metallic article is functioning as a whole as a cathode since local currents 
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the electrodes at all times the locomotive is in service, so as to main- 
tain enough excess hydrogen to react with the oxidizing agents 
entering with the boiler feed water. 

The additional load on the generator amounts to approximately 
125 watts, which will cost in steam consumption, when generator is 
run for lighting purposes, only about 3 cent per hour, and when 
generator is run to supply the current only to the anodes, the cost 
will be about 2 cents per hour. In order to eliminate the use of the 


Fia. 2. Bapty Pitrep anp CorropED FLUES FROM BLOOMINGTON SWITCH 
ENGINE 44 IN CONTEMPORARY SERVICE TO ENGINE 49 BuT Not 
EQUIPPED WITH ELECTRO-CHEMICAL POLARIZATION SYSTEM 


Historicity of flues in engine 44 ora 
December, 1926, flues reset December 21, 1927, 1 flue | Burst. 
September 9, 1927, 1 flue | Burst January 5, 1928, 2 flues| through 


October 19, 1927, 1 flue | through January 10, 1928, 7 flues! pit and 
December 1, 1927, 1 flue pit and January 17, 1928, 5 flues) renewed 
December 9, 1927, 7 flues} renewed 


generator during daylight hours to prevent the higher cost of steam 
consumption, an electric storage battery is installed wired in series 
with the lighting circuit. The relative simplicity and low initial, 
operating and maintenance cost for the system makes it a very 
economical installation. 

Figure 2 shows pitted flues that have been removed from a switch 
engine that is not equipped with the Electro-Chemical Polarization 
System, operating in the yards at Bloomington, Ill. You will note 


; 
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_ the excessive pitting. This engine received a set of flues in Decema_ 


after only fifteen and one-half months service over 100 pitted flues — 


engine equipped with the Electro-Chemical Polarization process 
operated in these yards for nearly four years without any signs of 
pitting. j 

Figure 3 shows flues removed from a switch engine working in the 
same yards. The top flue was removed for inspection after it had 


been in service eighteen conan after applying the protective system. 


a 


ELECTRO-CHEMICALLY PROTECTED-> 


- “Fie. 3. Top FLUE AFTER 18 MONTHS IN BLOOMINGTON, ILL. SwiTCH ENGINE 49 
o EQUIPPED WITH ELECTRO-CHEMICAL POLARIZATION SYSTEM 


7 - pe Bottom flue after 18 months in same engine 49 before using the system 
and you may see that it is in first class condition. The bottom flue 
_ shows the excessive corrosion that had taken place for the same length 

of time previous to the installation. 
For three and one-half years the Electro-Chemical Polarization 
Process has functioned to prevent corrosion in locomotive boilers, 
which is severe service for any kind of equipment. There has been 
Be emt no maintenance expense. The cheap anode pipes disin- 
_ tegrate, but last from three to four years and are, in a manner, sac- 
rificed to protect the boiler metal. The process is being applied to 
Chicago Alton Railroad Company’s locomotives. Installa- 


ber 1926, and after only nine months service it became necessary to _ 
begin replacing flues that had failed on account of pitting. To date — 


have been renewed on account of failing in service. A contemporary _ 
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tions have been made on the Wabash Railway, on a road in Texas, 
and on a road operating through Nebraska and Wyoming. 

There is a corrosion problem in the water works field and there is 
good reason to believe that it can be materially reduced by a slight 
modification of the process as applied to a locomotive. At any rate, 
it is hoped that the data presented will be responsible for some con- 
structive thinking along this method of attack. 
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+ THE EFFECT OF CERTAIN ILLINOIS WATERS ON LEAD! 


By O. W. Rees? anp A. L. Exper? 
= The question of the solubility of lead in water and its toxicity 


is by no means new. Although lead poisoning from water supplies 
is not restricted to any definite locality, most of the cases cited in the | 
literature have been from supplies characterized by low mineral 
content. Since the water supplies in Illinois have relatively high | 
mineral content, cases of lead poisoning here are uncommon. Our 
interest in this subject has been recently aroused by the appearance | 
of a peculiar case in Champaign, diagnosed by physicians at Mayo | 
Brothers’ clinic, as lead poisoning. The patient had some of the — 
characteristic symptoms of lead poisoning and was found to be 
excreting approximately 0.1 mgm. of lead per day. After all possible’ 
sources of lead aside from the water supply were supposed to have — 
been thoroughly examined, an analysis of the water supply for lead 
was requested. The result showed 0.08 p.p.m. of lead present. 
From information which we have obtained there appeared to be some 
lead pipe between the city main and the tap in the patient’s house. 

Cases are on record of waters which contain lead as pumped from 
_ ae the ground, but the chief source of lead in water is from lead pipes 

- which have been used for carrying water for centuries. Records 
at Rome indicate that lead pipes were installed there about 20 A. D. 
and have been in use since that time. From a table recently 
compiled by Donaldson (2) it appears that lead pipes are in use all 
over the United States. Lead poisoning must be considered a pos- 
sibility wherever lead pipes are used, although certain factors to 
be mentioned later make it highly improbable in many instances. 

One of the first clear cut cases of lead poisoning cited in the liter- 
ature is that of Louis Phillipe who settled with his family at Clare- 
mont, England (3) in 1848. The water was brought from a spring 

_ two miles distant through lead pipe. For thirty-three years the 


1 Presented before the Illinois Section meeting, March 29, 1928. 

2 Chemist, State Water Survey Division, Urbana, III. 7 
°C University of Illinois, U rbana, Il. 
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water was used with no ill effects but when the spring was covered 

in such a way as to prevent the escape of carbon dioxide, 34 per cent 
of the users of this water were poisoned. Hamilton (4) cites the ° 
case of the poisoning of nuns in a convent near Lyons which was 
discovered by Lacour after three of the nuns had died and when 
twelve were still living but still seriously affected. For ten years 7 
the nuns had been drinking a water containing 2.7 mgm. of lead per a 
liter. Since 1870 many cases of lead poisoning have been found in 
New England (5). Best known are those in Massachusetts, par- : 
ticularly that of the Lowell outbreak in which 41 cases were reported. _ + > 
Cases of lead poisoning at Milford, Fairhaven, Kingston, Norwood, _ 


TABLE 1 
Allowable limits of lead in water 

DATE AUTHOR LEAD ‘ 

1886 Watkins (1) 1.7 
1895 Whitelegge (21) 1.0 
1910 Gartner and Telekey (3) 1.0 
1917 Barbour (32) 0.5 2 
1923 Howard (6) preg 0.5 
1925* Thresh (34) Ms 0.5 omen 
1920* Weston (2) Ce 0.1 
1924 Whipple (7) 0.1 — 
1925 Manual A. W. W. A. (8) 0.1 7 


* Thresh and Weston cite many other authors. Limits vary from trace to 
1.43. 


Gilbertsville, New Bradford, and Hopedale, Mass., Atlantic City, 
N. J., and cases in Rhode Island, and New Hampshire may be 
mentioned. 

In the above cases it appears that different amounts of lead in 
the waters were responsible for the poisoning. With nearly every 
report of a case of lead poisoning one finds a different figure given for 
the maximum amount of lead allowable in a water supply. Table 1 
gives a list of some of the allowable limits cited with the author and 
date at which the statement was made. From the variations in 
the table it is not at all suprising that lead pipes are often accused of 
being responsible for lead poisoning. Many authors believe that 
any detectable trace of lead in a water supply should be looked upon 


af 
‘| 
‘ 


GAy.T O. W. REES AND A. L. ELDER © 


with suspicion, while others point out that many water supplies 
always contain some lead. 

As individuals vary greatly in their susceptibility to lead poison- 
ing it will be very difficult to give a limit which will be satisfactory. 
Thresh cites one case of lead poisoning where only 0.0466 p.p.m. of 
lead was found in the water. He questioned the validity of this case 
as it was lower than any other figure which he had. The sample 
submitted for analysis may or may not have been a fair sample of 
the supply. Whipple summarized the information regarding limits 
quite well when he stated that ten to twenty years ago he would have 
placed the limit at 0.3 to 0.5 p.p.m. while now he places it at 0.1 p.p.m. 


TABLE 2 
Causes of lead erosion Causes of lead solvency 
Low alkalinity < 15 p.p.m. Free carbon dioxide 
Humic, and peaty acids a 
High dissolved oxygen Mineral acids 
Salts-NaCl, etc. 
4 Water causing solution of lead 
SOURCE OF SUPPLY HARDNESS ALKALINITY .. 


Pp. p.m. Pp. p.m, Pp. 
well at Lowell....... 55 33 45 
_ Milford-Hopedale..................... 24 27 1.4 
Canal Zone...... 0.6-4.2 


The important totale causing the solution of lead appear to be 
an carbon dioxide, organic acids, oxygen, low alkalinity and pos- 
sibly nitrates, nitrites, and chlorides (1, 6, 10, 11, 12, 13, 14, 15, 
16, 18, 19, 20, 5, 2, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 32, 33). The 
actions of water on lead according to W TN (3) can be classified 
into two groups (a) plumbo-solvency which is the true solution of ¥ 
lead and which usually takes place in the presence of carbon dioxide — 7 
and other acids, and (6) erosive action caused by slightly alkaline — 
waters containing dissolved oxygen. 


rl 
a 
is 
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“ 
As there is such a variation of opinion as to the limit, considerable 
a weioht should be given to the figure of 0.1 p.p.m. given in the 
« 


Donaldson (2) agreeing with Weston defines erosion or ‘‘lead 
rusting” as the term used to describe the action of neutral or slightly 
alkaline oxygenated waters on lead. Solvency or plumbo-solvency 
is used to described the action on lead of highly carbonated acid 
waters, which may or may not contain oxygen. Baylis (33) thinks 
that the compound formed in the presence of much carbon dioxide 
may be a basic carbonate of lead Pb; (OH)2(COs3)2. Table 2 sum- 
marizes the important causes of lead erosion and plumbo-solvency. 

The hardness, alkalinity and CO. of some waters known to have 
caused lead poisoning are givenintable3. 


Public ground water supplies in Illinois and their residues 


NUMBER OF SUPPLIES RESIDUE 
p. p.m. 
111 800-400 wy 
95 bi 3 donde att 
29 700-800 pile han 
41 ta al 1,001,500 f 
24 Over 2,000 


In order to show the differences between the supplies noted in 
table 3 and Illinois supplies, a number of ground waters analyzed 
by the State Water Survey are listed against the residue in p.p.m. 
One notes from table 4 that there is not a ground water supply in 
Illinois which has been listed in State Water Survey Bull. 21 (35) 
which has a residue of less than 200 p.p.m. 

Most Illinois waters are so highly mineralized that an analyst 
has considerable difficulty in separating the trace of lead present 
from the large amount of residue obtained on evaporation. 


a ANALYTICAL DETERMINATION OF LEAD 


- Several different methods have been used in determining lead in 
water. H. Pick aad removed minute quantities of lead by adsorp- 
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tion on asbestos. The asbestos was filtered off, and the lead dis- 
solved and determined. B. Avery (37) and others concentrated the 
water to a small volume, precipitated the lead as the sulfide, dissolved 
this in nitric acid, precipitated the lead as the sulfate, dissolved this 
in ammonium acetate and finally precipitated it in Nessler tubes as 
the sulfide. Another method was that of spectroscopic analysis as 
suggested by Lewis (38). He claimed that this method could be 
used to determine traces of lead in water. His method was tried out 
in this work and was found to be unsatisfactory. To determine 
successfully very small quantities of lead in water, large amounts of 
the water must be evaporated. In a region like this where the 
waters have, for the most part, comparatively high residues, one is 
forced to handle rather large quantities of material and this is 
mechanically almost impossible. Another difficulty with the 
method is that iron, which is nearly always present in greater quan- 
tities than the lead, gives a multitude of lines in the spectroscope 
which makes it quite difficult to detect the line produced by lead. 
The lead line persists only a short time and photographic plates are 
almost essential to detect it. 

For the most part colorimetric methods have been used in the 
determination of lead in which the lead is precipitated as the sulfide 
and compared to standards. Different modifications of this general 
method have been used. Von C. Reese (39) and Drost devised a 
modification to take care of error introduced into the general method 
by organic matter. They used a sample of water in question, from 
which all lead has been removed for making up standards. Accord- 
ing to Thresh (29) the presence of traces of copper such as are likely 
to be present in distilled and in many natural waters often interferes 
with the colorimetric determination of lead as the sulfide. He 
recommended the addition of 2 ec. of the following solution before 
the addition of the hydrogen sulfide: 30 cc. British Pharmacopoeia 
acetic acid, 70 cc. copper free distilled water and 0.1 gram ‘‘gold leaf” 
gelatin. 

The method for determining lead in this work was that given in 
Standard Methods of Water Analysis (17). It consists essentially 
in concentrating the sample, precipitation as the sulfide, solution 
in nitric acid, precipitation as the sulfate in 50 per cent alcohol, 
solution in ammonium acetate, treatment with hydrogen sulfide and 
comparison with standards containing known amounts of lead. 
This method was designed for use in determining lead in low residue 
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waters and so has its objection when used on high residue Illinois 

waters. However, it appears to be the best method available at the 

present time. 

EFFECT OF ILLINOIS WATERS ON LEAD 


- Using the method just outlined, analyses of water were made 


from the sources shown in table 5. There appears to be some solu- 


tion of lead from a water such as the Champaign- Urbana water. 

A brief investigation of waters of equivalent alkalinity to 
Champaign-Urbana water but containing varying concentrations of 
NaCl was made. NaCl was used because statements were found in 
the literature regarding its producing increased corrosion and because 
the chloride content of some Illinois waters is high. Chlorides could 


TABLE 5 
Lead in water 
SOURCE LEAD 
Pp. p.m. 


* 125 feet lead pipe connection. 
+ Surface supply. Raw water. 


not be used to explain the solubility of lead in Champaign-Urbana 
water as there are only 4 p.p.m. of chloride present. Carbon dioxide 
(about 30 p.p.m.) and oxygen are probably the important factors 
here. Table 6 summarizes the result of this investigation. A 
white precipitate showed definitely in samples III and IV within 
twenty-four hours, II showed a slight precipitate in forty-eight hours. 
At the close of the experiment, six weeks later, samples II, III, LV, 
showed a turbidity of over 100 when thoroughly shaken. I, la 
never showed more than a trace of corrosion on the plate. 

From these experiments it appears that sodium chloride is of 
importance in the corrosion of lead, but of little importance in the 
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_ So little is known regarding the solution of lead in Illinois waters 
that it was decided to place strips of lead in samples of water obtained 
from several city supplies. The strips were weighed, and then 
hung in bottles by string, and the bottles stoppered and sealed with 
paraffin. At the end of two weeks the samples were analyzed for 
lead in solution and the strips of lead were cleaned and re-weighed. 


TABLE 6 
Effect of varying the concentration of sodium chloride on the solubility of lead 


LEAD AT END OF SIX WEEKS Ae Soluti 
SAMPLE — d NaHCOs NaCl 
Suspension Solution as CaCO; 
p.p.m. p.p.m,. ce. p.p.m. p.p.m. 
oust I 0 0.3 1,000 400 0 
la 7 0.08 1,000 400 500 
II 340 1.0 1,000 400 2,000 
III 630 0.16 1,000 400 5,000 
IV 510 0.45 1,000 | 400 10, 


Each bottle contained a strip of lead } by 1 by 6 inches. 
ami! 


Solution of lead in Illinois waters 
| 
LOSS OF 
ods STRIPS 
———— 
p.p.m, p.p.m, p.p.m, p.p.m. p.p.m. mgm, 
121 160 2 302} 0.11 58.8 
Cedar Point............. 222 150 295 1,009 | 0.025 46.2 
Stronghurst.....:....... | 1,100 216 259 | 2,971 | 0.23 16.0 
156 290 530 | 1,374| 0.2 
| 240 304 | 550 | 1,276; 0.5 
110 542 1,010 | 2,743] 0.43 25.8 
Mt. Sterling............ | 725 | 379 | 1,310 | 4,076! 0.2 | 31.4 


Table 7 gives the results of the analyses together with the alkalinity, 
hardness, residue and chlorides of seven samples of water. 

From the data in table 7 it appears that there is no direct corre- 
lation between hardness, alkalinity, chlorides, residue and the effect 
of these waters on lead. We have noted that such erosion as takes 
place stops in a few days and if the strips which have been placed in 
the waters listed in table 7 and allowed to stand for two weeks are 
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EFFECT OF CERTAIN ILLINOIS WATERS ON —_ 721 
placed in fresh samples of similar waters, the corrosion is negligible; 
indicating that these waters form protective coatings. 

Studies on the prevention of corrosion of lead as cited in the 
literature indicate that one could expect little corrosion of lead by 
hard waters. The report of D. H. Stacks on “The Effect of Artesian 
Water upon Galvanized Steel Pipes” read before this organization in 
1913 is the only authentic report of metal poisoning from water re- 
ported in this State of which we are aware. ‘These cases were sup- 
posed to be due to zinc poisoning and all trouble ceased with 


elimination of the galvanized pipe. 


id PREVENTION OF LEAD CORROSION 


The methods for preventing corrosion of lead have been studied 
for a long time and appear to be well known. Watkins (1) cites the 
inhibiting effect of silicates in the Mississippi river water on the 
solubility of lead. Clark (22) states that increase in hardness or 
addition of sodium silicates prevent the action of water on lead. 
Whipple (28) states that three-quarters of the water supplies in New 
England have a hardness of less than 20 p.p.m. The addition of 
lime to decrease the carbon dioxide content and increase the hardness 
of the waters prevents their action on lead. At Lowell, Mass., (32) 
it was found that aeration of the water to decrease the carbon dioxide 
from 45 to 3.3 p.p.m. reduced the lead content of the water to less 
than 0.5 p.p.m. At Deventer (9) it was found that the lead content 
of the water increased after the installation of an iron removal plant. 
Addition of lime lowered the lead content of the water from 0.6 to 
0.2 p.p.m. Bunker (31) working with waters in the canal zone found 
that he must keep the alkalinity above 2.4 p.p.m. with that water 
to prevent over 0.1 p.p.m. of lead from going into solution. Addition 
of lime to the Birmingham (10) supply prevented trouble from lead 
poisoning. Thresh (26, 27) states that alkali silicates are several 
times more powerful than silicic acid in preventing solution of lead 
in water. Donaldson (23) cites a case in South Carolina in which 
soda ash was added to the supply to prevent corrosion. The addition 
of soda ash neutralizes acidity due to carbon dioxide and does not 
harden the water. At Keighley, England (9) sodium carbonate was 
added to the water before filtration to prevent plumbo-solvency. 
Baylis (33) states that the pH of 7.0 to 9.5 is least inducive to lead 
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Whether any of our Illinois waters which may be softened and 
recarbonated will dissolve appreciable quantities of lead is yet to 


be known. 
SUMMARY 


The quantity of lead found in the Champaign-Urbana water 
was less than the allowable limit given in the Manual of Water Works 
Practice and also less than the quantity usually associated with lead 
poisoning. If poisoned from the water supply the individual poi- 
soned by the Champaign-Urbana water must have been extremely 
sensitive to traces of lead. 

The erosion of lead in waters containing NaHCO; alkalinity of 
400 p.p.m. and varying NaCl content was found to increase with 
increase in the concentration of NaCl. 

Analyses of average Illinois waters in which strips of lead were 
placed indicates that a protective layer soon forms which practically 
eliminates further corrosion of lead. 

The procedure given in the Standard Methods of Water Analyses 
for the analysis of lead is not satisfactory for high residue waters. 

It is to be predicted or at least to be hoped that, in the future, 
experiments on the solubility of lead, copper, and zinc in many 
different water supplies will be made, and that these experiments will 
be carried out in closed systems under conditions so that the factors 


of carbon dioxide and oxygen may be carefully controlled. = 
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THE USE OF URANINE DYE IN TRACING UNDERGROUND 
By A. W. Crovucn? lil 


In connection with some recent work at the Great Falls Plant, 
located near Rock Island, Tennessee, it was necessary to locate the 
outlet of a small sinking creek lying some 8 miles northeast of the 
plant. After a study of the whole situation and some ineffective 
tests with potassium permanganate several tests were made using 
uranine dye. This dye was found very effective in tracing under- 
ground water. 

Sinking Creek emerges from the ground at the foot of a low moun- 
tain ridge about 2 miles north of the town of Doyle. It flows on the 
surface of the ground in a southeasterly direction for about three- 
quarters of a mile and sinks in an irregular row of small holes along 
the foot of a limestone bluff. 

The rock formation in this section of the country consists of Bangor 
limestone with a dip to the east of 30 feet or less to the mile. The 
beds of rock vary in thickness from a few inches to many feet with 
numerous clay seams and clay pockets scattered throughout the 
area. Caves, underground streams, sink holes and springs are very 
common over the entire section. The Calfkiller River, flowing south, 
is about 3 miles east of the sink hole in which the dye was placed while 
the Caney Fork River, flowing west, is about 5 miles south of the 
sink hole. There are many springs of various sizes along the banks 
of both rivers. 

A rather definite line of sink holes and caves extends from the 
point where Sinking Creek disappears to a point on Calfkiller River 
known as Hensley’s Spring. By air course it is 25 milesaway. Tak- 
ing this fact into consideration together with the fact that the rock 
dips to the east it seemed probable that the Hensley Spring was the 


1 Presented before the Kentucky-Tennessee Section meeting, January 19, 
1928. 
2 Resident Engineer, the Tennessee Electric Power Co., McMinnville, 
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outlet for Sinking Creek, although later developments proved that 
this was not the case. 

Uranine dye is a coal tar product. It is one of the numerous 
compounds derived from resorcin. The latter is made by fusing gum 
resins with caustic potash. Uranine is a reddish brown powder, 
which when dissolved in water, turns the water green. It is par- 
ticularly adapted for coloring large volumes of water as it is easy to 
handle, readily soluble, safe and may be detected when present in 
very small quantities. From some rough tests made in the laboratory 
it was easily seen when present to the extent of one part in five million. 
It can be detected when present as one part in ten million. When 
present in small quantities it is most easily seen by placing some of 
the water with the dye in it in a test tube and hooding it so that the 
light strikes the side of the tube. 

All the tests were made during the month of October, 1927. The 
stream flow in Sinking Creek at the point where it sinks was 1.4 
c.f.s. at the time of the tests. No appreciable amount of rain had 
fallen for several weeks. As stated above it was expected that the 
outlet would be found along the Calfkiller River and it seemed reason- 
able to suppose that it would not take over one or two days to get 
results. 

One and one-half pounds of dye were dissolved in water in large 
tubs and dumped into the creek at the sink holes in the first test. At 
the end of the second day no trace of the dye had been found at any 
of the springs along either river. Another pound of dye was then 
poured directly into the sink holes without first dissolving it in water. 

On the morning of the fifth day after the first batch had been put 
in Sinking Creek green water was found at the Johnson spring located 
33 miles southeast of the point where Sinking Creek disappears. 
The stream flow at this spring was 2.7 ¢.f.s. By night-fall all trace 
of the uranine had passed. Two days later or five days after the 
second batch of dye had been put in the creek green water was again 
noticed at the Johnson spring. As in the first case all the colored 

water had passed by dark. Judging by the strength of the color in 
the early morning it is probable that the uranine was first present at 
the Johnson spring some time during the night preceding. This 
spring is 71 feet below the level at which Sinking Creek disappears. 
i third test was made two weeks after the first two under similar 
ss weather and stream flow conditions. In this test a glass jar was 
i _ placed in the middle of the stream 15 feet above the sink holes. At 
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the start of the test 1 ounce of uranine was dissolved in water and 
poured directly into the creek. A continuous stream of water 
containing the dye was then discharged into the stream from the glass 
jar through a glass siphon at the rate of 1 ounce per hour dissolved 
in 2 or 3 gallons of water. Every half hour an extra heavy dose was 
poured in the creek. After continuing in this way for four and one- 
half hours another ounce of uranine was poured directly into the 
creek. A total of 8 ounces of uranine were used in this test. The 
dye was well mixed with the creek water before it sank to insure a 
more uniform distribution of the color. It was also thought that all 
the small sink holes might not discharge into the same channel 
underground. 

On the morning of the fifth day after the dye had been put in 
Sinking Creek green water appeared at the Johnson spring. The 
color was the brightest on the afternoon of that day and could be 
seen up until late in the afternoon of the following day. Colored 
water was also found in a well at Onward 44 miles southwest of the 
sink holes. This well is fed by an underground stream, the bed of 
which is about 6 feet lower than the place where the uranine was 
introduced. On the sixth day the water from Reno spring, 5 miles 
south of the sink holes and on the banks of Caney Fork River, was 
green up until about 11 o’clock. This spring had a discharge of about 
1 c.f.s. and is 87 feet lower than the sink holes where the dye was 
introduced. It has been reported but never verified that green 
water was also seen at a small spring one mile west of Reno. 

Preliminary investigations indicated that the outlet of Sinking 
Creek would be found along the Calfkiller River. The outlet at 
Johnson’s spring was in line with this reasoning. The outlet at Reno 
was a surprise. It is evident that a study of the rock formation and 
general topography of the country will prove helpful in locating the 
probable direction that an underground stream will take, but such 
a study should not be relied on entirely. Close watch should be main- 
tained at all springs in the neighborhood. 

Measurements of the stream flow should be made at both the point 
where the stream sinks and at possible outlets in order that proper 
quantities of uranine may be put in the water. Allowances should 
be made for the many uncertainties that are sure to be encountered. 

It appears to be advantageous to put the uranine in the stream 
to be traced in small quantities over a long period rather than to 
dump the whole batch of dye in at one time. The advantage lies not 
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merely in the fact that the color is retained in the water longer but 
that it gives the observer time to get from one spring to another 
throughout the territory before the effect of the dye has passed. 

The above tests show clearly that the results of a single test should 
not be accepted as conclusive proof that certain conditions exist. 
Of course, the method of introducing the dye is important, but at the 
same time it should be kept in mind that the stage of the water in 
the underground streams will have an appreciable effect on the results. 
This stage changes from time to time as does the stage of surface 
streams. At certain levels water will flow through cross channels 
while at other times it will be so low that the cross channels are 
_ dry. If the tests are being made in a stream which furnishes drinking 

water it would be well to make several experiments under various 
conditions. 

Inasmuch as it is not usually possible to learn all about the bed of 
_ the underground stream it is almost impossible to predict the time 
_ that it will take the dye color to travel any given distance. In the 

_ experiments at Doyle the time interval was much longer than had 

been anticipated. Long quiet pools, falls, choked portions of the 
channel and the meanderings of the stream are more or less unknown 
- faetors to be reckoned with. 
ty Taking all factors into consideration uranine is a very satisfactory 
Ga _ dye to use in tracing underground water. It is easy to handle, it is 
easily detected and is not harmful to public health if it should get 

A into wells in small quantities. 

The author, before closing, wishes to acknowledge the many help- 
. a ful suggestions made by Messrs. Fullerton, Morton and Clark of the 
_ Division of Sanitary Engineering of the State Department of Health, 
in connection with ttt aire 
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COLI TESTS IN WATER ANALYSIS 


INTERFERENCE OF CLOSTRIDIUM WELCHII WITH BACT. 


By Joun F. Norton! Marion BArNEs! 


- We have attempted by pure culture experiments here recorded to 
throw some light on the possible interference by Clostridium 
welchii on the tests for the coli-aerogenes group in routine water 
examination. 

Several strains of Clostridium welchii and of Bact. coli were — 
used. The test medium was the standard lactose broth. In this — 
medium Clostridium welehii in pure culture produced gas and 
acidities of pH 4.5 to 4.8 in twenty-four hour and pH 4.2 to 
4.5 in forty-eight hours. Extended incubation did not further in- 
crease the acidity. In most instances the organisms had ceased to 
be viable at the end of forty-eight hours. The strains of Bact. 
coli used produced gas and acidities of pH 5.0 to 5.3 in forty-eight 
hours. Viable organisms were always present at the end of this 
period. 

Varying amounts of culture of the two organisms were placed, 
simultaneously, in lactose broth fermentation tubes and ineubated. 
Samples were removed at the end of twenty-four and of forty-eight 
hours and tested for acidity and for the presence of viable organisms. 

The results obtained were consistent throughout the 105 tests made 
and can be briefly stated. At the end of twenty-four hours, the 
acidity was found to vary between pH 4.2 and 5.2. This difference 
appeared to depend upon the condition of the Clostridium wel- 
chii culture used for inoculation. When spores predominated in 
the culture the higher acidities (lower pH values) were more 
quickly reached than when few spores were present as in young 
cultures. After twenty-four hours’ incubation Bact. coli was re- 
covered in all but 7 instances. In these cases the pH was 4.2 or 
4.3. However, Bact. coli was recovered from other tubes show- 
ing similar acidity. After forty-eight hours’ incubation Bact. coli 
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Was never recovered when the pH values were 4.2 or 4.3. At 
_ pH values of 4.4 to 4.6 the organisms were usually but not always 
recovered. At higher pH values Bact. coli was consistently re- 
_ covered. The relative amounts of the cultures of the two organ- 
isms used for inoculation had no apparent effect on the rate of acid 


Spores of Clostridium welchii when present in lactose broth 
together with Bact. coli caused a rapid production of acid and gas. 
When this acidity reached a pH value of 4.2 or 4.3 in twenty- 
four hours, the recovery of colon bacilli was uncertain. At this 
acidity these organisms were never viable at the end of forty- 


eight hours. A possible interference is therefore indicated in routine 
water examination. 
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THE OXYGEN DEMAND OF POLLUTED WATERS 

By E. J. THERIAULT wi 
vv A REVIEW BY F. W. MOHLMAN! 
iy It is a pleasure to acknowledge outstanding achievement in scien- 
tific research, especially when such work has been as consistent and 
extensive as that of Theriault in the field covered by his latest pub- 
lication, ‘“The Oxygen Demand of Polluted Waters.” This is a 
monograph of 185 pages, issued as Bulletin 173 by the United States 
Public Health Service. It may be purchased from the United 
States Government Printing Office, Washington, for 25 cents per 
copy. 

Some 10 or 12 years ago Theriault explained the reasons for the 
major difficulties in the technique of the biochemical oxygen demand 
test. The use of properly prepared dilution water was shown to be 
essential. Since then he has issued several more short papers on the 
same subject. The bulletin under discussion contains in Part I 
a critical review of the development and significance of the B. O. D. 
test, and in Part II the experimental results obtained by the author in 
his work at the Cincinnati laboratory. 

The historical review in Part I includes many references to the 
early work of English and German investigators, extending back to 
experiments by Frankland in 1870. The reports of the British 
Royal Commission on Sewage Disposal (1891 to 1913) contain num- 
erous articles on the development and value of the determination. 
The concept of a logarithmic or first-order reaction was introduced 
in American studies by Phelps. He did not appreciate the magnitude 
of the secondary stage of oxygen demand which had been noted by 
Adeney, and which Theriault re-stated in more precise terms in 1925. 
This secondary stage has been shown to be caused primarily by the 
oxygen requirements of nitrifying organisms. 

The evidence is almost unanimous that the first stage of biochem- 
ical oxidation is concerned with the oxidation of carbonaceous organic 
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matter. This stage requires approximately 12 days at 20°C., a 
longer time at lower temperatures and a shorter time at higher tem- 
peratures. Theriault has experimentally tested the deoxygenation 
constant, K, at various temperatures, and gives an equation and 
tables for rates of demand over a wide range of temperature. 

The standard test should be made for 5 days at 20°C., from which 
the demand for the first stage can be calculated. Per capita demands 
(first stage) are given for American sewages. It is gratifying to the 
reviewer to note that the factor that has been used for many years by 
the Sanitary District of Chicago (0.24 pounds per capita per day) 
is closely confirmed by data from Washington, Cincinnati, Peoria, 
Baltimore and Columbus. This factor applies to combined sewage 
relatively free from industrial wastes. For strictly domestic sewage, 
collected during periods of dry weather flow, the factor is approxi- 
mately 0.18 pound per capita per day. 

Part II contains the results of twelve series of oxygen demands for 
periods of incubation as long as 300 days. The data are treated 
mathematically to demonstrate the value of K, the deoxygenation 
constant, and L, the asymptotic limit of the first stage, at various 
temperatures. Critical studies of the precision obtainable with 
Theriault’s technique indicate that the rate of oxygen absorption is 
independent of the amount of dissolved oxygen present, also that 
results will check in various dilutions with a standard deviation of 
from 5.0 to 7.5 per cent. 

Although the technical details of B. O. D. work may not be of 
particular interest to waterworks men, the broad principles of the 
biochemistry of stream pollution and self-purification should interest 
those who are concerned with the operation of filter plants in which 
polluted waters are treated. Bacterial results alone do not show 
the state of oxidation of the organic matter present in such waters. 
This organic matter must go through a course of biochemical oxida- 
tion identical with that expressed by Theriault’s curves. Stability 
will not be obtained until the carbonaceous solids are oxidized. 
Most raw surface waters used for potable supplies are probably 
beyond the carbon-oxidation stage, but many are undoubtedly in 


: the stage of nitrification. Further study may indicate that the 


B. O. D. test adds something to our knowledge of filter plant rand 
ings, in addition to bacteriological and turbidity data. 
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COMPARATIVE COLON-AEROGENES INDICES OF WATER 
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1. The colon-aerogenes content of 1051 samples of water, varying 
widely in sanitary quality, was determined by the cyanide-citrate 
agar pour plate method in parallel with the lactose broth procedure 
of the 1925 Standard Methods of the American Public Health Asso- 
ciation. 

2. Eight hundred and six, or approximately 76.7 per cent, of the 
samples examined by the plate method gave indices which equaled or 
exceeded those obtained by the Standard Fermentation Method. 
Two hundred and thirty-five samples, or 22.2 per cent, were negative 
for the colon-aerogenes group by both methods. One hundred and 
forty-one samples, or 13.4 per cent, were negative by the tube method, 
but positive by the plate method. Ninety-eight samples, or 9.3 per 
cent, were negative by the plate method, but positive by the tube 
method. 

3. Considering the data in the aggregate, the following facts are 
apparent: 

a. The mean plate indices exceeded the Phelps indices and the 
most probable number over the range of 0 to 100 colon-aerogenes 
organisms per 100 ce. 

b. The median plate indices equaled or exceeded the Phelps indices 
over the range of 0 to 100 per 100 cc., but regressed from the most 
probable number after the Phelps index of 2 to 10,000 per 100 ce. 
excepting for the index of 10. 

c. An expression of modal plate indices is believed to be an unfair 
method of presentation in this study, owing to a relatively insufficient 
number of items in six groups. 

d. All of the plate indices were derived from 10 cc. portions except 


1 Presented before the Illinois Section meeting, March 30, 1928. 
? Bureau of Laboratories and Research, Department of Health, Chicago, 
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ten based on 1.0 ec. portions. The latter were evenly divided 
bet ween the groups 1,000 and 10,000 per 100 ce. 
e. In the aggregate, plate indices exceeded the Phelps indices 
derived from 10.0 cc. and 1.0 ce. portions. It is believed, therefore, 
that the smaller indices by the plate method in the groups 1,000 and 
10,000 per 100 cc. can be explained as an effect of dilution. 
f. Over a series of dilutions, the most representative plate index is 
derived from the first or second dilution lower than the Phelps, and 
equals or exceeds the latter. When the two types of indices are 
derived from dilutions wider apart than two, the Phelps index will 
probably exceed that by the plates. Under these conditions, how- 
ever, the latter index is considered more reliable since it is founded 
on a relatively greater number of colon-aerogenes organisms than in 
the case of the one or possibly two organisms responsible for the 
former. This is confirmed by unpublished experimental evidence. 
4. The theory of most probable numbers, while unchallengable, 
fails, as does the Phelps unit of measure, to take into consideration 
the biological principles of synergism and antibiosis often functioning 
in presumptive tests. This fact widens considerably the inherent 
degree of approximation essentially surrounding these indices because 
of their theoretical mathematical exactness. 
5. Both the Phelps index and the most probable number are 
influenced by conditions common to both; hence, a change in one 
almost automatically means an associated change in the other, with 
a more or less constant mathematical difference at given magnitudes. 
6. The effect of random sampling is a constant factor in both 
methods. From the evidence, therefore, it seems fair to conclude 
that the plate method is a sharper or more sensitive measure, and, 
hence affords a closer mathematical approximation of the actual 
mean density of organisms of the colon-aerogenes group in water or 
sewage than does the lactose fermentation method. 
EXPERIMENTAL RESULTS 
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In a study (1) of the practicability and efficiency of the cyanide- 

citrate medium for the direct determination of the colon-aerogenes 

numbers in water and sewage, 1051 samples were examined in parallel 

with the Standard (2) lactose broth procedure. These samples 

represented water of considerable variation in sanitary quality. 
Collections were made of raw water from Lake Michigan, wells, 
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springs, swimming pools, polluted river water and sewage. The 
greater number examined were raw lake water. 

The data to be treated do not include those of sewage owing to the 
difference in magnitude of dilutions and relatively small number of 
observations. A study of the data available on sewage, however, 
shows comparable results. These will be found in table 5 and figure 
3, referring to the results from polluted Chicago river water, which 


TABLE 1 
Comparative tube and plate indices showing distribution of 1051 samples 


9783 PLATE INDICES 
0 0 376, 0 | 235 |62.5 141 37.5 376 100.0 0.00 
2 2 210; 58 27.6 39 |18.6 113 53.8 152 72.4 2.00 
5 4 118 43 36.4; 18 |15.2 57 48.4 75 63.6 4.98 
9 6 85| 32 |87.7) 13 115.3 40 47.0 53 62.3 8.92 
15 8 53; 16 |30.2) 3/56 34 64.2 37 69.8 14.40 
38 10 50) 9 18.0) 38 76.0 41 82.0 34.70 
240 100 100} 43 43.0) 56 56.0 57 57.0) 228.30 
2,400 1,000 44, 32 72.7, 0 12 27.3, 12 27.3) 2400.00 
30,000 10,000 15; 12 |80.0; 0 3 20.0 3 20.030,000.00 
Total (1,051) 245 23.3) 312 |29.7 494 47.0 806 76.7 gah, val 
Minus Equivalent 
(am 
Zeros 235 0 | 235 7 
Indices 2-10,000 
inc. | 816 | 245 30.0 77 | 9.4 494 60.6 571 70.0 


* Most probable number. 
+ Mean of actual most probable numbers. 


may be properly termed sewage, and are illustrative also of our later 
sewage results. 

The present standard method of expressing the number of colon- — 
aerogenes organisms is that of Phelps in terms of 100 cc. volumes. 
At the same time, there is a growing tendency on the part of sani- 
tarians to express results, either in conjunction with the Phelps 
index or independently, by the most probable number as 
by MeCrady (8) and later amplified by Stein (4), Wolman and — 
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Weaver (5), Yule and Greenwood (6) and Reed (7). Since these two 
types of indices are in current use, the cyanide-citrate agar plate 
indices in this study are compared with them to bring out their 
relative value. 

It is of interest, first, to note comparisons on the basis of numbers 
of samples. Table 1 shows the Phelps index per 100 cc., and the 
corresponding most probable number, both vertically, with the 
number of samples having that index. These, in turn, are distributed 
horizontally according to those which have plate indices, (a) less 
than, (b) equal to and (c) exceeding the Phelps index. Taken in the 
aggregate, 245 of the samples, or 23.3 per cent, gave plate indices 
less than those by the lactose broth tube method. Three hundred 
and twelve of the samples, or 29.7 per cent, ‘gave plate indices equal 
to those by the tube method, while 494, or 47.0 per cent, gave plate 
indices exceeding those by the tube method. Of the 245 samples, 
there is a fairly even distribution over the entire range with two 
distinct downward trends; namely, from 2 to 10 per 100 ce. and from 
100 to 10,000 per 100 cc. A single downward trend of frequencies is 
noted in the 313 samples of equivalent indices as the Phelps index 
and most probable number increases. A similar trend is noted for 
the 493 samples having plate indices which exceed the Phelps index 
and most probable number. The sum of the 312 and 494 samples 
- gives 806 samples, or 76.7 per cent, which have plate indices equal to 
or exceeding the tube indices. If 235 samples, which were negative 
by both methods, are deducted from the total 1051, there remain 816 
samples having the following distribution: 


NUMBER OF SAMPLES PER CENT COMPARISON WITH PHELPS INDEX 
245 30.0 Less 
77 9.4 Same 
5 494 60.6 Greater 
> re. Lod 
571 70.0 Same or greater 


In table 2, there is a further comparison of the two types of indices 
on a sample basis. From this table it is seen that 376 of the total 
samples, or 35,8 per cent, were negative by the tube method, while 
333, or 31.7 per cent, were negative by the plate method. Of the 
376 samples negative by tube, 141 (13.4 per cent of 1051) were posi- 
tive by plate. Conversely, of the 333 samples negative by plate, 98 
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TABLE 2 


Summary of samples negative for coli-aerogenes by standard method and 
plate method 


NUMBER PER CENT 
Samples examined by both methods.............. 1051 
Negative by standard method.................. 376 35.8 
Positive by plate method..................... 141 13.4 
Negative by plate method..................... 333 31.7 
Positive by standard method................ 98 9.3 
Negative by both methods..................... 235 22.2 
TABLE 3 


Summary—Mean plate indices grouped according to corresponding tube index and 
tabulated in the order of magnitude 


TUBE INDEX 
GROUP 
0 2 | 4 6 8 10 100 1,000 10,000 
0 0 0 0} 0.5, 2.0 10.3 36.0 128.0 
0 0 0} 0.7] 2.0) 4.7 28.6 70.0 170.0 
0 0 0} 2.0; 4.0) 8.0 42.7 113.0 180.0 
0 1.5) 2.7) 4.0) 10.7 50.9 164.0| 228.0 
41.7) 2.0; 4.0) 6.5) 14.7 63.7 195.0 508.0 
0} 2.0 3.0) 4.6) 9.3) 19.5 86.7 | 245.0 558.0 
2.1) 4.C) 6.0) 10.0) 23.3 101.0 | 268.0} 1,036.0 
0| 4.0) 4.5) 6.0) 12.0 32.0 120.0} 360.0! 2,300.0 
0| 4.3) 6.5) 8.0) 15.0) 44.5 146.0} 495.0! 3,040.0 
10 | 1.3] 6.0, 8.9} 11.0} 16.7; 50.7} 200.0| 635.0| 3,700.0 
11 2.0 7.1) 10.0! 17.7) 21.0) 56.7 316.0 | 820.0! 5,300.0 
12 3.0} 9.4) 12.0) 23.6) 28.7) 76.0| 482.0| 1,190.0} 9,300.0 
13 | 5.2] 13.6 16.0 36.8) 44.0) 105.3] 839.0 | 1,580.0 | 16,400.0 
14 | 9.8] 22.4) 22.2} 93.0) 73.3) 151.3 | 1,470.0 | 2,180.0 | 29,400.0 
15 | 53.0 | 121.0) 244.0) 922.0) 478.0) 559.0 | 3,200.0 | 5,450.0 | 32,600.0 
4.9} 12.9 69. ake 51.9| 83.6} 462.0} 933.0) 6,990.0 
0.0| 4.0 6.0) 12.0 35.0t 117.04} 360.0t, 2,300.0 


* Mean of total respective aren items for corresponding, Phelps index. 
t Median plate items for corresponding Phelps index, _ en ee 
t Interpolated medians. 
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(9.3 per cent of 1051) were positive by tube. The difference of 
235 samples (22.2 per cent of 1051) were negative by both methods. 


COMPARATIVE INDICES AT SPECIFIC MAGNITUDES 


In order to study the relationship between the indices of Phelps, 
the corresponding most probable number, and the indices by the 
plate method, all of the latter were grouped according to the corre- 
sponding tube index, e.g. each of 118 samples gave a Phelps index of 
4 per 100 cc., while the corresponding plate indices varied in magni- 
tude from 0 to 1102 per 100 ce. Again, each of 15 samples gave a 


TABLE 4 
Comparative indices of the colon-aerogenes group by Phelps, most probable — sen 
number and plate methods 
Index per 100 ce. ‘7 
PLATE } 
PHELPS M. P.N.* 
Mean Median ¥ 
2 
8 
10 83.6 35.0t 
100 417.0 
1,000 933.0 360.0F 
10,000 6990.0 2300.0 ay 
* Mean of actual most probable numbers. 
4 Interpolated medians. 


Phelps index of 10,000 per 100 cc. with corresponding plate indices 
varying in magnitude from 128 to 32,600 per 100 cc. Since the 
number of items in each group varied from 376 at the tube index of 
0 per 100 cc. to 15 at the tube index of 10,000 per 100 ce., some fair 
method of group comparison was essential. Since the smallest group 
contained 15 items, above mentioned, all items in this and each of 
the other groups were tabulated in the order of magnitude and divided 
into 15 sub-groups. Each sub-group was composed of an equal 
number of items, or a number derived by an equitable distribution of 
items in cases of totals not evenly devisible by 15. This procedure 
placed each group representing specific tube indices from 0 to 10,000 


4 
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per 100 cc., on a common basis and facilitated tabular and graphic 
comparison. Table 3 summarizes the data as described. 

Figure 1 presents the data graphically on semi-log paper with the 
mean plate count colon-aerogenes indices per 100 ec. plotted as 
ordinates and sub-groups indicated as abcissae. There are nine 
plots corresponding to the nine Phelps indices from 0 to 10,000 per 


Figure 2 
a Comparative Indices of Colom -Aerogenes x y 
Group by Phelps, Most Probable Number 
and Plate Methods . i 
1000 
— 
car 
& 
8 100 
— 
Sb 
10 
o——o Mean Plate Index 
nal Phelps Index per 100 C.C. 


100 cc. The fact brought out by table 3 and figure 1 is the relative 

: magnitude and frequency of plate indices in relation to the Phelps 

7 - index of each major group, viz., 0 per 100 cc., 2 per 100 cc., 4 per 
100 ee., ete. 

. r Another comparison is made in table 4 and figure 2, in which is also 
indicated the corresponding computed mean most probable number 
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TABLE 5 
‘ Comparative numbers of coli-aerogenes expressed in terms of the Phelps (tube) 
index, most probable numbers and plate index per 100 cc., progressively for 


16 to 18 liters polluted river water stored at 20°C. 


r MEAN INDEX PER 100 cc, 
TIME 
Phelps (Tube) Plate 
Initial 1,000,000 2,400,000 995, 000 
1,000,000 2,400,000 660 , 000 
| 2 hours 1,000 ,000 2,400, 000 670 ,000 
3hours | 100,000 240,000 950 ,000 
| 4 hours 100,000 240, 000 1,275,000 
5 hours 1,000,000 2,400, 000 1,400,000 
hours 100,000 240 ,000 1,230,000 
7 hours 1,000,000 2,400,000 1,580,000 
— 1 day —— 100,000 240,000 1,800,000 
2 days 1,000,000 2,400,000 1,030,000 
| 100,000 95,500 76,500 
ax = 4 days os 1,000 2,400 9, 400 
days 1,000 2,400 4,200 
6 days 1,000 2,400 1,130 
100 240 1,010 
Sdays 1,000 2,400 750 
days =. 95 620 
10days =} 100 240 420 
days 100 240 330 
«12: days 100 240 330 
13 days 100 240 350 
14 days T 100 240 430 
15 days rene 1,000 2,400 310 
16 days ’ 1,000 2,400 320 
17 days 1,000 2,400 340 
18 days 100 240 310 
19 days 100 240 270 
21 days 2 20 
23 days 1,000 955 310 
days 100 240 230 
25 days 100 240 
days 100 240 
29 days (agitated) 10,000 24,000 20,600 
80 days 1,000 2,400 
days 100 240 
days 1,000 2,400 
36 days (agitated) 10,000 24,000 
37 days 1,000 2,400 460 
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- may exist between the two extremes indicated. McCrady endeav- 
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for each major group. These means are computed from the same 
data as were the individual Phelps indices and so take into considera- 
tion the ‘‘anomalous”’ results or “‘skips’’ (failure of some lower dilu- 
tion tube to be confirmed). The theoretical most probable number — 
for each Phelps index in table 4 would not take these actual “‘skips”’ 
into consideration; hence, they would be unsuitable for comparison 
in this study. For comparison with the arithmetic mean of each 
major group there are shown the corresponding median items. 
Interpolated medians are so indicated. 

To bring out the comparison of the Phelps index and the most 
probable number with the plate index, a 16 to 18 liter sample of 
polluted river water was stored at 20°C. over a period of 37 days. 
Table 5 shows the data while figure 3 shows the several progressive 
indices, the marked smoothness and relative magnitude of the plate 


Pf; 

_ It may be well to refer briefly to the conception of the Phelps 
index and McCrady’s most probable number. The former method 
assumes the presence of at least one colon-aerogenes organism in the . 
highest dilution of a sample developing gas when multiple dilutions _ 

are planted in standard lactose broth. The resulting index is then _ 

to be interpreted as an approximation of the actual number of colon- 7 EL 


aerogenes organisms present in the sample tested. It is generally 
appreciated, of course, that a plural number may be present in such a 
dilution yet not to the extent to be consistently reflected in the next 
higher dilution, or if only one colon-aerogenes organism is account- 
able for a positive highest dilution, that organism may represent a 
chance “pick-up,” the greater frequency of numbers existing nearer 
to the next lower dilution, or that any degree of these two conditions 


ored to solve this difficulty with his theory of most probable numbers. 
The theory explains and measures by formula ““The probabilities of 
occurrence of densities of B. coli from the results of any of the usual 
sampling procedures with given combinations of dilutions. 4 
When “anomalous” results or “skips” occur, they are taken into 
consideration and alter the most probable number to the extent 
of their “abnormality.” The theory is mathematically correct 
and unchallengable. With the geometrically increasing magnitude 
of numbers there is a consistently increasing numerical difference 
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between the Phelps index and the most probable number. After 
the index 100 per 100 cc. this difference has the character of a con- 
stant which likewise increases geometrically. Thus, aside from the 
“anomalous” cases, a change in the Phelps index means a corre- 
sponding change in the most probable number, yet the relation is 
always constant for a specific Phelps index. Thus, because the most 
probable number is derived from the same analytical data as the 
Phelps index, the former index as well as the latter must be regarded 
as an approximation. 

Aside from the mathematical considerations in connection with 
tube indices and most probable number, and the resulting necessity 
of interpreting such indices as approximations, the value of these 
data is further interfered with by the phenomena of synergism (8) 
and antibiosis (9). These phenomena very often operate in the 
presumptive tube. Usually their net effect is to reduce the number 
of colon-aerogenes organisms originally present. 

If a successful plate method of indexing avoids the vitiating effect 
of synergism and antibiosis, as well as some of the mathematical 
difficulties associated with the tube method, the fact should be 
reflected in comparative tests. On referring to figure 2, it is seen for 
the range 0 to 10 per 100 cc., the mean plate index in a pronounced 
way exceeds the median plate index, Phelps index and most probable 
number. Since these comparatively high means doubtless are 
influenced by the relatively high counts in the array of items, the 
median item of each group has been plotted. Likewise, it is seen the 
median exceeds the Phelps index at all points in the range 0 to 100 
per 100 cc., excepting at 6 per 100 cc. and 8 per 100 cc., where the two 
types of indices are equivalent. With a greater number of items than 
85 for this group, it is believed the median plate count would exceed 
6 per 100. Except at 2 per 100 cc. and 10 per 100 cc., the most prob- 
able number exceeds the median plate count in the range 0 to 100 per - 
100 ee. 

Statistical analysis of the data does not indicate that a determina- 
tion of the mode, or item of greatest frequency, in each group, would 
be a fair criterion of that group. A definite mode is indicated only 
in the first three groups. Its failure to be so indicated in the remain- 
ing groups is attributed to an insufficient number of items. 

In the range 1,000 to 10,000 per 100 cc., we find a different picture. 
Here both the tube index and most probable number progressively 
exceed the average and median plate indices. 
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It might appear, therefore, that the plate method is more efficient 
in the range 0 to 100 per 100 cc. than from 1,000 to 10,000 per 100 
ec. This is not believed true, however, when it is considered that all 
plate indices except 10 were obtained from 10.0 ce. portions. Ten 
indices were obtained from 1.0 ce. portions, five falling under the 
Phelps index group of 1,000 per 100 ce. and five in the group 10,000 
per 100 ce. In the light of this fact, the difference in magnitude - 
between indices in the last two groups, as already pointed out, 
probably is explained by and serves to illustrate one of the conditions" 
mentioned in the foregoing, namely, that the highest dilution shown 
positive for Bact. coli may be accounted for by a single organism, as 
a result of dilution, while the greater frequency of numbers may 
exist nearer to the next or the second lower dilution. If this is true, 
as it seems, then the plate index is the more accurate one, being 
based on the next or second lower dilution than that of the highest _ 
positive tube index. Evidently the latter represents a zone of com- 
paratively few absolute numbers while the former represents a zone of 
comparatively greater absolute numbers. In the zone of few abso-— 
lute numbers, measured with like volumes (10.0 cc.) by both methods, 
the plate method seems to be quite the more accurate, over and dikove’ 
the effect of random sampling. Consequently, if plate indices in the | 
range 1,000 to 10,000 per 100 cc. were based on the same volumes as" 
were the tube indices, a similar relationship should obtain. Eexperi-— 
mental work bearing upon this angle is in progress. vs prsord 


7 Appreciation is expressed to Dr. Fred O. Tonney, Director ol 
Laboratories and Research, and Frank FE. Greer, both of the Chicago 

Department of Health, and to Dr. I. 8. Falk, Department of Bacteri-— 
ology, University of Chicago, for their constructive criticism and 
aid in preparing this article 


DISCUSSION 


Lowe. J. ReEp:’ I was very much interested in seeing Mr. 
Noble’s paper in advance of its publication. From the point of view 
of the conclusions drawn, the fact of most interest in the statistical 
treatment is the smoothness of the results obtained from the plate 
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counts of stored water, in contrast to either the Phelps’ Index or that 

_ of the most probable number, and it seems that this fact constitutes 

. the strongest argument for a plate method. On general statistical 

“ _ grounds, it would be expected that a counting process would be 

superior to that process involving fermentation tubes; for both the 

Phelps’ Index and the most probable number depend upon a type of 

inverse probability analysis that makes them much more uncertain 

than would be any probability or proportion determined through a 
direct, counting process. 

A final decision as to which procedure is the superior must take 
into account, however, many other factors than the relative statis- 
tical errors of the methods involved. re gi se 
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INFLUENCE OF PHOSPHORUS ON STRENGTH PROPER- 
TIES OF CAST IRON PIPE 
In a previous publication, ‘““The Influence of Phosphorus on Cast 


Iron,” (Transactions of the American Foundrymen’s Association, 
vol. 34, p. 986, 1926), it was shown that the influence of phosphorus 


totaly TABLE 1 df of wow Ww 


Samples of pipe 


LOT NUMBER | MANUFACTURER | PURCHASED FROM 


Tested by Prof. A. N. Talbot 


1 American Cast Iron Pipe Company Manufacturer 
2 American Cast Iron Pipe Company | Manufacturer 
4 American Cast Iron Pipe Company Manufacturer 
40 Jas. B. Clow & Sons Manufacturer 
70 National Cast Iron Pipe Company Dealer 
71 Jas. B. Clow & Sons Chicago 
U. 8. Cast Iron Pipe & Foundry Company | Chicago 7 
(Addyston) 
73 U.S. Cast Iron Pipe and Foundry Company | Detroit 
(Bessemer) 
Tested by Jas. T. MacKenzie 
iP American Cast Iron Pipe Company Manufacturer 
Ad Stamped Cie Gie Liege 1926, Made in Bel- | Dealer 
d gium 
F Stamped P.M.-A.V. 1926, Made in France Dealer 


per se was to weaken and stiffen cast iron. However, it was shown by 
citation of Professor Talbot’s work on 6-inch cast iron pipe (Journal 
of American Water Works Association, June, 1926) that amounts | 
up to approximately 0.80 per cent might, by increasing the fluidity — 
of the molten metal, give a sounder, and hence better pipe than 
lower percentages, for example 0.50 per cent. Since writing this” 


1 Metallurgist, American Cast Iron Pipe Company, Birmingham, Alabama. 
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paper two lots of pipe have been obtained containing high phos- bt 

phorus, and one lot was cast at Acipco with an intermediate content W: 

of 1.25 per cent phosphorus, which are of interest, in that they 

prove that the intrinsic weakness of the high phosphorus iron is Ww 

decidedly manifest when the 1 per cent point is passed, in spite of the T 

increased fluidity of such metal. d 
The vertical sand cast pipe tested by Professor Talbot in his re- 

vised drop test, except as noted below, have been used as a base. b 

These are shown in table 1. t 


Lots 4 and 71 were not tested in the revised drop test, but as 
they both were of peculiar importance to the treatment of the subject, 


Th 


they were included and the drop test calculated from the average 
ratio of the new to the old test on the other sets, which show as 


follows: 
: LOT 6-INCH DROP 3-INCH DROP RATIO 
1 16.7 8.5 0.51 
15.3 8.1 0.53 
3 17.7 9.5 0.54 
40 20.3 10.1 0.50 — 
70 14.4 8.1 0.56 
72 14.4 11.4 0.62 
73 14.2 8.6 0.61 


It is very probable that the true values would not be far from 
those calculated, as the ratios show fairly close agreement for the 
several lots. 
<< The reason for the inclusion of lot 4 was that this iron is probably 

the only one that compares with lot HP in the temperature of 
melting. As will be apparent from figure 1, lot HP shows up very 
well indeed as compared with Talbot’s group I, but if we compare 
it directly with lot 4, we see the true tendency of the phosphorus. 

Lot 71 was included primarily to show another low phosphorus 
lot. Its carbon content is too high to permit averaging it with lot 
40, and its superior performance in the bursting test shows that it 
was more fluid and produced a sounder casting on account of the 
high carbon, the silicon remaining nearly the same. Its lower value 
in drop test and in resilience may be due partly to the higher carbon, 
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but probably are due largely to the accidents of selection as this 
was a job lot purchased from the City of Chicago. 

Lot 2 was included because it was the only lot in Talbot’s test | 
with silicons to compare with the foreign pipe. Though listed by 
Talbot under group V, it was made exactly as group I, the only 
difference being the change of mixture to get a soft iron. 

The tests carried out by the writer were made exactly as described 
by Talbot, using the same apparatus and technique. Values for 
the bursting test are shown in table 2. 

No flexure tests were made on the full length of pipe as it was 
shown (Proceedings of A. S. T. M., vol. 26, part II, p. 214, 1926) 


PRESSURE THICKNESS TENSILE STRENGTH AVERAGE 
: inch pounds per square pounds per square 
inch tnch 
1,650 0.41 12,500 ) 
HP 2,250 0.44 15,800 14,000 
[ 2,100 0.47 13, 600 
a 1,400 0.39 10,800 
1,000 0.30 10,000 
650 0.32 6, 100* 
( 1,800 0.40 13,500 
F 1,380 0.34 12, 100 > 12,400 
| 1,800 0.46 11,700 


* Hot cracks—not averaged. 


that the agreement between the strip test and the full flexure test 
was very good indeed. As a machine for the full flexure test was _ 
not available this test was omitted. 

The drop tests were made 2 feet from bell and spigot ends, and in _ 
the middle of the pipe, the supports being 2 feet apart, the hammer 
50 pounds, the first fall 6 inches and the increments 3 inches to _ 
failure. The “height of drop” is that of the last blow, which caused 
failure. The ‘drop test’? value used here in the discussion is the 
“height of drop” divided by the three halves power of the thickness 
at the break, this being the relation obtained by Talbot, and gives 


| 


TABLE 3 


inches 
es 3.00 | 0.50 | 0.353 
ow Read 3.00 | 0.48 | 0.332 
2.75 | 0.49 | 0.343 
1 & ap off 0.53 | 0.386 
7 1 ;| Middle ;| 3.00 | 0.50 | 0.353 
| (| 2.50 | 0.52 | 0.375 
(| 3.50 | 0.54 | 0.397 
Belt | «0.51 | 0.364 
3.00 | | 0.302 
> 
( (} 2.96 0.53 | 0.386 
oe. | 2.50 | 0.49 | 0.343 
| 2.75 | 0.47 | 0.322 
3.00 0.50 | 0.353 
2 Middle 3.50 | 0.52 | 0.375 
| 1.75 | 0.39 | 0.244 
2.50 0.47 | 0.322 
Bell | 3.50 | 0.53 | 0.386 
— (| 2.50 | 0.43 | 0.282 
~- Bead (| 3:25 | 0.51 | 0.364 
' || 3.00 | 0.50 | 0.353 
ches 4.00 | 0.52 | 0.375 
= = — 3.00 | 0.50 | 0.353 
{| 4.75 | 0.54 | 0.397 
53 | 0.386 
| (| Bead 2.50 | 0.52 | 0.375 
Middle 2.75 | 0.50 | 0.353 
“ | Bell 3.50 | 0.50 | 0.353 
“ae Bead 3.00 | 0.50 | 0.353 
— Middle 3.75 | 0.45 | 0.302 
— Bell 4.75 | 0.50 | 0.353 
il Bead 3.50 | 0.53 | 0.386 
73 41 Middle | 3.75 | 0.58 | 0.442 
Bell 3.00 | 0.51 | 0.364 
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TABLE 3—Continued 


inches 
2.25 0.46 | 0.312 | 7.2 |) ) ) 
Bead 2.50 0.47 | 0.322 | 7.8 6.9 ie 
| 0.45 | 0.302 | 5.8 
2.50 0.49 | 0.343 | || be 
Middle 2.25 0.49 | 0.343 | 66 |> 7.0 |} 7.3 
2.25 0.46 | 0.312 | 7.2 |) 
(| 2.75 | 0.48 | 0.332 | 8.2 |) em, 
Bell 2.75 | 0.47 | 0.322 | 8.5 | 
2.00 0.43 | 0.282 | 7.1 
(| 2.75 0.47 | 0.322 | 8.5 || 
Bead | 2.50 0.44 | 0.292 | 86 |} 8.0 || 
2.25 0.48 | 0.332 | 6.8 | 
1.75 0.44 | 0.292 | 6.0 |) | 
Middle 2.00 0.44 | 0.292 | 6.8 6.2 |} 6.5 
2.00 0.50 | 0.353 | 5.7 | 
| } | 
(| 1.75 0.48 | 0.332 | 5.3 || 
Bell 1.50 0.36 | 0.216 | 69 5.5 
1.50 0.50 | 0.353 | 4.3 
| 
2.00 0.48 | 0.332 | 60 |) 
Bead 2.00 0.50 0.353 5.7 6.4 duis 7 
0.45 | 0.302 7.45 
| | 1.25 | 0.45 | 0.302 | 4.1 |) | 
F \| Middle j; 1.50 | 0.42 | 0.272 | 5.5 4.4 |} 5.1 
\| 1.50 0.56 | 0.419 | 36 |) | 
al | 1.50 0.47 | 0.322 | 4.7 | a 
Bell 1.50 | 0.50 | 0.353 | 4.25 |} 4.63 || 
+i | 1.75 | 0.50 | 0.353 | 4.95 Be ove 


the hypothetical drop necessary to break a pipe of the same ma- 
terial exactly 1 inch thick. As the detailed results of the Talbot — 
tests were never published they are given here in table 3. 
calculations were made by myself, using the thickness at the break 


instead of the average thickness used by Talbot in his graph. 


All 


The strip tests were taken from approximately the same position __ 
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TABLE 4 


Strip test on lots HP, F and B 


- BEAD MIDDLE | BELL 
a LOT 
Modulus Modulus Modulus Modulus | Modulus Modulus 
“; rupture elasticity rupture elasticity | rupture elasticity 
7s 43.2 | 7.45 | 42.0 | 7.68 | 37.1 8.05 
H 40.5 8.35 | 39.0 7.58 38.9 7.52 
7 an 400 | 9.00 | 40.0 | 7.93 | 36.7 | 7.82 
42 | sa | | 77 | 37.6 | 7.80 
28.6 7.2 38.9 8.7 37.3 9.4 
1, B 42.2 7.8 33.3 7.3 35.6 8.0 
me 3.3 | 78 | 90.2 | 9.9 | 90.5 | 8.7 
34.7 7.6 41 8.6 34.5 8.7 
; 27.8 8.5 29.5 9.0 29.4 8.9 
oF 33.4 10.2 36.7 9.8 38 .2 12.5 
33.3 | 89 | 3.3 | 91 | 35.9 | 9.0 
31.5 9.2 33.5 9.3 34.5 10.1 
~ Note: Modulus of rupture stated in thousands of pounds per square inch 
and modulus of elasticity in millions. 
3) Tensile tests (de Lavaud bar) 
OT BEAD MIDDLE BELL 
22,600 29,200 23,500 
HP 21, 200 23,400 
24, 600 23,400 23, 100 
22,800 25,300 23, 300 
21,500 26,000 26 , 900 
= B 18,900 18,300 20,400 
20,800 22,600 22,000 
20, 400 22, 300 23,100 
18,300 17, 600 21,400 
23, 300 19,600 16,400 
20, 300 20, 300 21,300" 
9 
20, 19,200 19,700 ad 


as the drop tests and were cut from the same pipe. 


They were 


broken on a Riehlé 5000 pounds Universal machine, which will 


“break” under a half pound, and deflections were read on a 10 to 1 
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deflectometer reading to the thousandth part of an inch. Both 
load and deflection were automatically recorded by the Marshall 
recorder (Proceedings of A. S. T. M., vol. xx, p. 361, 1920). The 
results of the strip tests are shown in table 4. The ‘“‘resilience 
factor” was calculated by dividing the square of the modulus a4 
rupture by the modulus of elasticity, which gives the triangular 
resilience, or Pd/b (where P equals load, d equals deflection and 
b equals width), and correcting for curvature by Talbot’s figure for — 
group I, i.e., 28 per cent. In the three groups tested by the writer — 
resilience was determined by planimeter, and the excess of full re- 
silience over the triangular was used, to calculate the factor com- 
parable to that used on the other lot. This amount to 20 per cent 
for lot HP, 14 per cent for lot B, and only 11 per cent for lot F, as — 
the bending curve approaches a straight line = on — 
Brinnell Hardness Numbers—3000 kgm. and 10 mm. Ball, 30 seconds 


LoT INSIDE | OUTSIDE AVERAGE 
174 186 180 
187 
176 196 | 
196 216 206 


The tensile bar used for comparison is that adopted by the Tied 
States Cast Iron Pipe and Foundry Company as the acceptance test — 
for deLavaud pipe. We do not consider this test to be a good one — 
for the type of pipe under discussion here, and for that reason Talbot 
used another type of specimen in addition. The advantages of 
using a recognized standard decided for this bar in the present tests, 
in spite of its objectionable feature, which is that it uses only the 
weakest portion of the pipe wall, i.e., the interior where the two 
sets of crystals meet in freezing. Ninety per cent of the flaws in 
a vertically sand cast pipe will occur in this section, where they are 
relatively harmless from the users standpoint, but loom large in 
making small tensile tests. Unfortunately Talbot did not use the 
tensile tests on lots 70 to 73. Results on the three lots tested are — 
shown in table 5. 
Brinnell hardness is not considered of particular importance, but 


u 
2 
| 
a 
-- 
i 
j 
7 
| 
| 
| 
| 


_ the average values are shown in table 6, together with two lots 


note that Petrenko (Technologic paper, Bureau of Standards No. 


Be by Talbot, which were not published. It is interesting to 


336. “Comparative Tests of Six-Inch Cast Iron Pipe of American 
and French Manufacture’) obtained an average Brinnell number 
of 177 for seven lots of American pipe and 216 for the French pipe, 
as against Talbot’s 183 on two lots of group I and my 206 for lot F. 
In table 7 are assembled the average values for each lot in Burst- 
ing Strength, Drop Test, Strip Test, Tensile Test and Chemical 


TABLE 7 
STRIP TEST ANALYSIS 

|g SP ars 

z 3 = = < a 
a Ba a = = a 12) = = 
40 | 0.49) 4.05) 13.4/10.1 | 39.1) 7.4 | 264 | 23.1 | 3.50) 1.65/0.080.50| 6 
71 | 0.51) 4.25) 14.6 8.8*| 32.5 6.7 | 202 | N.D.| 3.72) 1.580.050.70| 14 
72 | 0.70) 4.17) 14.4111.4 | 32.5) 6.6 | 205 | N.D.| 3.64, 1.58 0.060.468 
4 | 0.77) 4.03) 16.1) 9.1 | 38.3, 7.2 | 261 | 21.6 | 3.56) 1.400.070.34) 5 
1 | 0.80) 4.13) 13.9 8.5*| 35.3) 7.5 | 213 | 23.2 | 3.67, 1.380.0610.34) 6 
2 | 0.84) 4.22) 14.4! 8.1 | 39.1) 6.9 | 291 | 23.7 | 3.53) 2.07/0.050.48) 9 
73 | 0.86 404 16.4) 8.6 | 35.0| 7.3 | 215 | N.D. 3.51 1.60.0.060.35| 6 
70 | 0.88) 4.04) 14.8] 8.1 | 35.0| 7.2 | 218 | N.D.| 3.56) 1.44/0.05)0.38| 8 
HP | 1.25) 4.03, 14.0] 7.3 | 39.7) 8.0 | 237 | 23.8 | 3.46) 1.71/0.0910.46, 5 
B | 1.54) 4.16 11.4) 6.5 | 34.4 8.3 | 163 | 21.9 | 3.26) 2.7010.090.44) 5 
F | 1.77) 4.04) 12.4, 5.1 | 33.2) 9.5 | 129 | 19.8 | 3.35] 2.070.060.40| 7 


tent. 


* Drop test on 


lots 4 and 71 not determined. Calculated from Talbot’s 


first test by the ratio of that test to the new one, viz., 6-inch increment on 


Figure 1 gives a graphical exposition of the principal data: 
Bursting Strength, Drop, Resilience, and Tensile Tests being plotted 
against phosphorus, and the sum of the carbon and one-third of the © 
silicon is shown. 


The figure shows clearly the pronounced weaken- 


i ing effect of the phosphorus in all of the tests above 1.25 per cent. 
___ Up to this point other variables seem to be of greater importance. 


250 
22 
20, 
} 
an. ‘ 
N.D.—not determined. 
It has already been mentioned that the t 1.25 ‘ent phos- 
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Fig. 1. INFLUENCE OF PHOSPHORUS ON THE STRENGTH AND RESILIENCE OF 
6-1NcH Cast [RON PIPE 
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phorus was melted at an exceptionally high temperature (1400°C.) 
as was lot 4, whereas the others were probably melted at the ordinary 
temperatures of pipe foundry irons, (1300°C.). Lot 1 was melted 
at 1290°C. Piwowarsky has shown that this is of considerable im- 
portance, especially in this range; the hotter the melt the stronger 
the iron. Curiously, lot 4, which is excellent in the other tests, 
falls down in the tensile tests. This is an accident of test selection, 
as the Talbot tensile test No. 2 showed 25,400 pounds for this lot, 
placing it second to lot 40 only in this test. 

The Bursting Strength Curve, figure 1, shows a probable maxi- 
mum at P 0.80 of about 15,000 pounds per square inch. The drop 
test shows a steady fall except for lot 72, but it is not advisable to 
emphasize this point as only one pipe was tested. The calculated 
test from the old value, where three pipes were broken, shows only 
10.0 feet, which would place it below lot 40. The resilience, with 
three points far above the other five of group I, seems to indicate 
the same maximum as is shown in the bursting test, but no definite 
conclusion can be drawn, except that beyond 1.25 per cent phos- 
phorus it falls off rapidly. This is also the only conclusion possible 
from the tensile test, four of which are unfortunately missing. 
The carbon, plus one-third of the silicon, shows that this factor is 
not large enough, certainly as between the high and low phos- 
phorus sides of the graph, to be of any considerable moment, although 
it is interesting to observe that the large increase of carbon from 
lot 40 to lot 71, by giving greater fluidity increased the bursting 
strength nearly 10 per cent but lowered the drop test and resilience 
as, from a purely metallurgical standpoint, it should have lowered 
the bursting strength as well. The low bursting strength of lot B, 
(1.54 P) should not be ascribed wholly to high carbon and silicon 
content as this was due to “hot cracks” caused probably by rough 
shaking out, brittleness from phosphorus, or the combination of 
the two. These were small cracks extending from two-thirds of 
the way from the inside of the pipe to the outside in some cases, but 
in most cases not over one-third of the distance. The results on 
one pipe in the bursting test were discarded because of the ex- 
tremely low value obtained on account of one of these cracks. 

As an interesting comparison we have set out in table 8 and 
drawn in figure 2 the results of the tests by 8S. N. Petrenko at the 
Bureau of Standards (Technologie Paper No. 336). Our general 
criticism of these tests is that only the middle section of the pipe, 
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Fig. 2. Resuuts or Tests By PETRENKO 
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- approximately 5 feet, were tested, and that the tests, therefore, are 
not sufficiently searching as to the lengthwise variations which 
usually occur. In particular, the bursting test as applied to an 
18-inch section is in our opinion quite inadequate, and is likely to 
give very large variations, as, in fact, were obtained in the tests. 
For some reason, the actual thickness of the section broken in the 
bursting tests was not stated so in order to give a rough estimate of 
the strength obtained, they have been calculated from the pressure 
at failure and the average thickness shown in the dimensional anal- 
ysis. The Charpy impact values are taken direct, but the values 
for modulus of elasticity and resilience factor on the patanehione 


TABLE 8 
Partial exhibit of tests by Petrenko 
| Test | = | 

= a en | s “4 | ss 
fo le hie’ le | | ia 
| 0.40 | 4.33 2,200) 0.43 15.4) 1.74) 1. 04 40. 00. 274/0.405) 6.0) 266 
B | 0.48 | 4.22 | 2,290) 0.45! 15.3) 1.42) 0.90) 39.7(0.2240.409| 7.2) 219 
G 0.51 | 4.19 | 1,910) 0.42) 13.6) 1.47) 0.84) 38.3:0.209/0.416 7.3} 201 
F | 0.70 | 4.16 | 1,920) 0.41) 14.0) 1.58) 0.7) 42.1.0 .200/0.376 9.3} 191 
D | 0.78 | 4.10 | 2,420) 0.46) 15.7) 1.50) 0.85 42.510.177/0.422 9.5) 190 
E | 0.79 | 4.17 | 2,115) 0.42) 15.2| 1.55] 0.88) 45.910.2540.376) 8.0) 264 
C | 0.82 | 4.17 | 1,590, 0.43) 11.1) 1.40) 0.7 43.30.1730. 412 10.1) 186 
H | 1.85 | 4.05 | 2,210, 0.44 151 1.08) 0.51 42.20.1420.422) 11.7) 152 


specimens were calculated from the data shown in table 7 of the 
paper, using the conventional formula for rectangular beams, as 
was employed by Petrenko himself in calculating the modulus 
of rupture. The true section modulus is really greater than the one 
used so the values for modulus of rupture and elasticity are some- 
what too high as compared with the Talbot strips. Since the 
curvature of the load-deflection diagram is not given, only the 
triangular resilience was determined. The true resilience would 
show a greater difference in favor of the lower phosphorus irons. 

The results are very erratic for bursting strength, but considering 

_ the restricted specimen and the lack of definite knowledge of the 
actual thickness we can tell little about them. The other three 
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tests, or rather the three different ways of getting at the same 
property, show a striking similarity. The maximum at 0.80 phos- 
phorus indicated in figure 1 is not so strong here, but there is more 
than a hint of it, and the high phosphorus shows decidedly low in 
the resilience and impact values. It is interesting to point out that 
the especially good lot with 0.40 phosphorus, lot A, has again a high 
C + 8i/3 content and this time it shows well in all the tests. 


in cast iron pipe up to about 0. 0. 80, by the x 
fluidity of the molten iron, in general acts to improve the product. C* ms 
Beyond 1 per cent its intrinsic embrittling effect become increasingly 


evident, strength and resilience decreasing rapidly. oe 
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pe ¢ OMMENTS ON REVISION OF MANUAL OF WATER WORKS 
PRACTICE! 


Mr. Howarp A. Ditu:? The Manual of Water Works Practice 
published by the American Water Works Association in 1925 is a 
valuable publication. 

It would not be possible in one volume to cover in detail the 
investigations necessary to plan, install, finance and operate a water 
plant. 

The Manual was intended to cover the field in a general way, 
giving fundamental principles and data incident thereto. It cannot 
fit all cases. It may contain irrelevant material to some, or it may 
be deficient for others. For instance, for a plant having an under- 
ground, naturally filtered, and uncontaminated supply, Chapters 
VI to XII would not be interesting or applicable. 

Prior to public utility commissions, valuations, rates, depreciations 
and records were seldom considered. Rates were established by 
guess or by what the traffic would bear. If revenues were insufficient, 
the service was apt to be deficient, taxes or bond issues made up the 
deficit for municipal plants or the stockholders received no dividends 
for private plants. 

The Manual is valuable for calling attention to the importance of a 
sanitary water supply, to defects in methods of rate making and in the 
operation of plants, and has assisted in placing the water works 
business on a higher plane. 

Revision of, or additions to, the subject matter in certain divisions 
is advisable, to cover the changes that have occurred since its pub- 
re lication. The criticisms or suggestions that have been made will 
enable the editors to publish a second edition of the Manual that will 
be of great value to operators. The contributors and editors of the 
Manual are entitled to much praise for their first publication. 


Mr. Joun W. Toyne? In attempting the discussion of a work of 
this character one is confronted with so many viewpoints that a 


4 1 Presented before the Indiana Section meeting, March 15, 1928. 
* Superintendent, Water Works, Richmond, Ind. Wein 
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thorough a. of the basis of the criticism is necessary. 
“Nothing just happens; Everything is the inevitable result of condi-— 
tions and forces leading up to them.”” So with the Manual. It isa 
big piece of work and is the result of much time, thought and labor and 
is of great value to men interested in the furnishing of a potable 
water supply. 

Any criticism I may offer is “‘worth just what one man thought 
when he wrote it and no more” and is based on his experience and 
observation. 

The object of work of this kind is to render the greatest service to 
the greatest number and especially to those who would experience a 


considerable difficulty in securing it in any other way. This raises ~~ 
the question as to whether we have not overshot the mark. In e ¢ 
numbers by far the great majority of water works plants are what are = 


termed the smaller utilities with very limited resources and un- 
fortunately very often without technical assistance, dependent on 
such information as may be gleaned from such works as this under 
discussion, from salesmen or wherever possible. 

Probably more small water systems derive their supply, either 
wholly or in part from wells than from all other sources, yet we find 
the Manual devotes 10 pages of generalities to this subject as against — 
60 pages on surface supplies. In the entire 10 pages not one ex- 
ample is given as a basis from which to determine what is really meant 
by the comparative terms used and thus enable the small utility 
operator to arrive at a conclusion in his case. 

Quality of water is very adequately covered in some 40 pages and 
water treatment is given more than 130 pages, some 20 pages of this - 
being devoted to the iodizing of public water supplies which is still - 
experimental and its adoption as good practice open to question. __ 

Distribution is well covered in about 50 pages of commendable 
material, all of real value. 

Pumping station practice occupies some 40 pages, of which about © 
half is devoted to boilers. My experience and observation is that, 
except in the larger installations, steam is becoming obsolete and — 
that much of this space could be profitably given to other methods © 
now considered better practice in the majority of cases. 

Services, plumbing and corrosion are well treated in 20 pages — 
while 12 pages are given to electrolysis, possibly of value, but with — 
the better practice being followed by the power and traction com- 
panies very little trouble is really traceable to electrolysis. I feel — -. 2 


that, instead of rendering a service here, we are simply confusing 
most cases by diverting from the real cause of the trouble, whatever 
it might be. 

Water consumption’ is amply discussed in 15 pages, well worth 
reading. 

The entire section on Finance and Management, 175 pages, is 
excellent and makes the book well worth while were there nothing 
else of value between its covers. 

You will note from this review that I am looking at it from the 
point of view of the “little fellow” without a staff of technical ad- 
visors and with only about a dollar and a quarter available to satisfy 
the requirements, yes demands, of his community. He, I feel, is the 
one the Manual should really serve. 


Mr. CHARLES BrossMANn* In the discussion of ground water, 
under strainers of gravel packed wells, some assistance might be 
given by amplifying or giving a brief method of testing sands for the 
guidance of those putting in wells, who are not experienced in this 
line of work. 

In a large per cent of cases, contracts are let for drilling wells and 
the question of strainer selection and slot size of openings are left 
entirely to the judgment of the well driller. We have found the 
tendency in these cases to place too fine a strainer where gravel or 
sand wells are encountered and in this case the fines are not taken 
out to sufficient extent. In our experience we have drilled wells 
within one hundred feet of other wells and exactly the same strata 
and procured double the amount of water, simply by making the 
difference in the strainer. 

We believe that a little more detail on this subject in the manual 
would be of assistance, especially to the smaller water works opera- 
tors, who only occasionally get into this subject. 

Motor driven pumps. For motor driven pumps, page 374, we 
would suggest that the question of efficiency with pumps, operating 
at or near full capacity, be further gone into, as, on some of the larger 
pumps, pump efficiencies have been found higher than those given in 
this paragraph. We would further suggest that the question of 
combined efficiency of the pump and motor be gone into. No state- 
ment is made regarding efficiency of motors. 


‘Consulting Engineer, Indianapolis, Ind. aid 
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The type and size of motor in relation to the load on the pump, 
as well as the speed and capacity, all have important bearing on the 
final efficiency. 

The tendency is generally to over-motor these pumps, thereby 
causing a loss in efficiency. Where power factor penalties are mn 
effect, a higher rate results for the power. 

Furthermore, the matter of voltage is not discussed. This also a 
has an effect on the rate. Further detailed statements on the above _ > 
matter would be of considerable value to those who, only occa- 
sionally, buy such equipment and who may not have the full data on - > 
these details. 

Deep well pumping units. On page 380, we would suggest further Pz: 
information on deep well reciprocating pumps. No information is 
given on efficiencies of such pumps by which the reader may make 
comparisons between this type of pump and the efficiency given on 
the next page for centrifugal pumps. 

There is also a difference in efficiency between various types of 
deep well reciprocating pumps and further explanation on this 
might be of value. 

Pumping station practice. Boilers. The comments on boilers 
could be brought out to better advantage in some instances. Some 
of the statements are somewhat confused and should be further 
explained or added to. 

On page 350, Effect of Boiler Type on Operation—the statement 
is made that in the circulation of fire tube boilers, the water be-— 
comes turbulent when an attempt is made to push the boilers much — 
above rating. 

On page 351, in the second paragraph, the statement is made that 
fire tube boilers are generally operated from 5 to 15 per cent below 
rating and most of these are so built and set that they cannot be 
operated advantageously at much above rating. 

These statements are somewhat confusing and at variance with 
the facts. There is no reason why fire tube boilers, with good feed 
water conditions and especially where the pumps are operated with 
surface condensers and a clean water is delivered to the boiler, should 
be kept below rating or at rating. Fire tube boilers can be operated 
even up to 200 per cent rating on peak loads and with certain im- 
provements in tube spacing in the last few years; they are operat- _ 
ing at such ratings without any trouble and with just as good results 
as other types of boilers. While it may be true that many fire tube 
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boilers are operated at 5 to 15 per cent below rating, this will be 
found equally true of many water tube boilers operated in water 
works plants. 

On page 355, minimum setting heights are given from 8 to 10 feet 
for settings of horizontal return tubular boilers. Boilers so set can 
readily be operated up to 200 per cent rating with good feed water 
conditions and with good efficiency at from 125 to 150 per cent. 

It does not seem consistent therefore to make the statement as 
given on p. 351 and then given recommendations on p. 355 which, 
if followed out, would give good results at considerably higher 
ratings. 

We call attention also to the statement on page 351 that water 
tube boilers for steam pressure of 160 pounds or less are generally 
installed for operation at rating and those for steam pressure of 180 
and 200 pounds are often installed for operating at ratings for 125 
to 150 per cent. 

We are unable to see where the question of boiler rating is limited 
by the steam pressure. The steam pressure has nothing to do with 
the rating. Water tube boilers at 160 pounds pressure can be 
operated at 300 per cent rating if desired and we believe the state- 
ments made on page 351 should be modified. 

There is no reason why peak loads in water works plants would 
not be taken care of the same as peak loads in other utility plants, 
provided as much care is taken in the selection and installation of the 
units. 

There is also a statement on page 351 at the last paragraph that it 
is sometimes found to be most economical to operate all the boilers 


‘ including spares at rather low capacity. 


This statement is directly to the contrary of what is found in the 
majority of utility plants operated at high efficiency. We believe 
this statement might be further explained or clarified. 

Stokers. On page 358, the last paragraph, statement is made 
that with chain grate stokers, by equipping such stokers with forced 
draft and placing suitable arches over them, they are successfully 
used with fine sizes of anthracite, lignite and coke breeze. This 
statement should be amplified as forced draft chain grate stokers are 
very successfully used, using bituminous coal at very high ratings. 

It is possible to use these stokers with forced draft at very high 
ratings and on the very light loads cut off the forced draft and use 
natural draft under certain conditions. This is done in several 
water works plants with good results. This type of stoker with 
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forced draft will burn very successfully the bituminous coals of the 
- Middle West. We suggest that this statement on page 358 be 
further amplified. 


Mr. Ear L. Carter:’ I have made a general survey of Chapters 
XX to XXVI inclusive, of the Manual. It is my opinion that the 
matter as a whole, covered in this portion of the Manual, fits the 
water works situation pretty well. As I see it there are, of course, 
some minor discrepancies, but the matters set forth in the Manual 
pertaining to valuation and other matters with which I am more or 
less familiar, are quite in accordance with my ideas as to proper 
practices. 

Starting on page 456 is a discussion of a “service charge.” Theo- 
retically, service charges are, in my opinion, proper and correct, 
but from a practical standpoint I am somewhat in doubt as to the 
advisability of making an application of such charges, due to the 
fact, primarily, that most consumers do not understand the service 
charges and are inclined quite often to criticise both the utility and 
the public service commission, feeling that they are being charged 
an unfair rate. I do not mean to infer by the above statement that 
I think that the service charge is wrong, but from a practical stand- 
point, considerable thought should be given the matter before service 
charges should be made a part of any rate schedule. 

From a personal experience on valuations of some of the public 
utility properties in recent months, I have found that a few of the 
companies, and I am glad to say that it is by far the minority, have 
insisted on what in my opinion is a high and unfair appraisal for 
rate making purposes. I do not believe that the particular utilities 
which I have in mind are making their appraisals in accordance 
with the matters set out in the Manual. 

After a rather general examination of the portion of the Manual 
applicable to valuation work and with which I am most familiar, it 
is my opinion that the Manual as now written contains a lot of 
helpful and valuable information. Chapters XX to XXVI, in- 
clusive, do not, in my opinion, need any radical revisions. 


Mr. I. L. Mrtuer:* The Manual of Water Works Practice is the 
result of the efforts of committees and individuals who are recognized 

’ Chief Engineer, Public Service Commission, Indianapolis, Ind. | 
® State Board of Health, Indianapolis, Ind. 
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authorities in their respective fields. Much time and thought has 
been given to the preparation of the material which it contains. 
It therefore seems presumptious for any one to offer criticism without 
first having studied it very carefully and thoroughly. The following 
comments are offered only with the thought that, by supplementing 
and somewhat rearranging the valuable data and information con- 
tained in the Manual, it might be even of greater use to those in need 
of assistance of such a volume. 

The Manual as stated in its preface has been “prepared primarily 
for the three general groups making up the active membership of 
the American Water Works Association. These are, first, the 
members of water boards and commissions, who shape the general 
policies of the works under their control; second, the salaried officials 
who manage and superintend the works; and third, the specialists 
who design, manage or supervise those parts of the works of a highly 
technical character.’’ Manifestly a manual intended for the use of 
designers, superintendents and operators of water works is incom- 
plete without a thorough discussion of health and disease as they 
are related to water supplies. 

If the interests of health are to be served the designing engineer 
must have a thorough knowledge of sanitation so far as it relates to 
the location and construction of water works; the superintendent 
must understand sanitation as it relates to the operation of the works 
which have been constructed in accordance with good sanitary 
practice and, finally, the control chemist must be familiar with all 
phases of plant sanitation in order to interpret properly his analysis 
and make proper application of the results. 

Important information and valuable discussions of disease, health 
and sanitation are contained in the sections of the Manual under 
the captions of “Introduction,” “Collection of Water,” “Quality of 
Water Supply” and ‘Treatment of Water.’’ The chapters com- 
posing these sections, however, are very general in their treatment of 
the subject matter and the discussions of sanitation are largely 
incidental. This no doubt is due to the fact that these chapters 
represent the composite opinion of individuals. Certain phases of 
sanitation as it relates to the water supply are treated in considerable 
detail, while other important phases are very briefly touched upon 
or receive no attention whatever. For example, the protection of 
water sheds of surface supplies is discussed in detail; the proper 
protection of wells and other ground water sources receives but little 
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REVISION OF MANUAL 
attention and the proximity of sewers to suction lines and sources of 
supply is not mentioned. 

Citations of pertinent court cases occupy much space in several — 
of the sections above mentioned. These citations would perhaps be 
more useful if given in a separate chapter and in a more condensed — 
form. 

Under the section on ‘“Treatment of Water” one entire chapter of 
17 pages is devoted to the treatment of water with iodides for te 
prevention of simple goiter. While this subject should not be 
minimized the amount of space given it is out of proportion to that 
of other even more important subjects. 

In order to emphasize properly the importance of sanitation of 
water supplies and for the convenience of those using the Manual 
the introduction of a new section under the caption “Sanitation of 
Water Supplies” would seem desirable. This section should contain 
such new material as a competent committee deems advisable and 
much of that now contained in the sections on “Introduction,” 
“Colleetion of Water,” “Quality of Water Supply” and ‘Treatment 
of Water.” Following are some suggested chapters under such a 
section. 

1. Significance of Water Supply in Disease Incidence. This 
chapter should contain a summary of present knowledge of water 
borne diseases; a clear statement of the significance of the presence of 
the B. Coli group of bacteria in water and of the difficulty of isolating 
the typhoid bacteria. 

2. Protection of Water Supplies. Sanitation of water sheds of 
surface supplies and of ground water supplies should be fully dis- 
cussed. Subject headings might include industrial wastes, human 
sewage, the proximity of privies, septic tanks and sewers, the over- 
flow of well locations, uncovered and leaky reservoirs, cross con- 
nections and other topics. 

3. Methods of Analysis of Water and Interpretation of Results. 
No phase of sanitary control is more important than the interpre-_ 
tation of analytical results, consequently this chapter should repre- — 
sent the thought of the most able authorities. The methods should — 
be clearly stated and the interpretation of results thoroughly dis- 
cussed. 

4. Jurisdiction of State and Federal Authorities and Pertinent Court 
Decisions. Those responsible for the design or operation of water 
works should know something of the liability of the owners for 


a 
4 
! 
| 


768 DISCUSSION 


disease contracted from such supplies and of the liability of those 
who pollute water from which public supplies may be drawn. The 
compilation in a brief and understandable form of court cases cover- 
ing these subjects would be invaluable. 

The suggestion of the introduction of a new section is prompted 
by the belief that important information and data on sanitation 
should be provided in a form easily accessible and readily under- 
stood. It is, however, difficult to determine just what should be 
included under such a section, since consideration of health is an 
important factor from the time the location of a water supply is 
made until the water reaches the consumer. Every phase of plant 
location, construction and operation is involved. 

The Manual should not be made larger, but through careful dele- 
tions and condensations the size should be reduced, if possible. 


Mr. H. EF. Jorpan:’ In a consideration of the revision of the Man- 
~ ual, I think it is worth while to visualize the Manual as a book which 
with each edition does not attempt to cover every phase of water 
supply in every detail, but with each new edition takes up those 
phases of practices fully in which definite progress or change has 
taken place since the last edition. In a consideration of the portion 
of the Manual devoted to Water Purification Practice I am therefore 
inclined to assume that certain portions of the matter contained in 
the first edition can be presumed to be in the possession of all up-to- 
date water works men and can be quite reduced in their extent in the 
second edition, with proper reference to the fuller exposition in the 
first. 

The section devoted to Quality of Water Supply can show the 
operating data in a number of plants over the country, as relates 
to conformance to the Treasury Standard of 1925. The general 
subject of Quality of Water can quite well include a discussion of the 

tendencies of filtered water, especially during the warm season of the 
year, to set up bacterial reproduction. Instances of the extent to 
4 _ which this reproduction goes on can be cited and there should be by 
= " all means an interpretation of its significance from a sanitary stand- 
point. 
The section devoted to Self-Purification of Streams should take 
- a into account the very valuable published data from the United 


$anitary Engineer, Indianapolis Water Company, Indianapolis, Ind. 
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States Public Health Service which has appeared since the first 
edition. The Chapter on Chlorination should include a discussion 
along the line of the report made by H. W. Streeter to the Associa- 
tion of State Sanitary Engineers entitled ‘‘Chlorination in relation to 
factors of safety for water filtration processes.’ Recent develop- 
ments in super-chlorination and de-chlorination should be described. 

The section on Coagulation should embody data from A. M. 
Buswell’s ‘“‘Chemistry of Water Treatment.’’ Excess lime treat- 
ment and double coagulation should be detailed. The sections on 
rapid and slow sand filtration need to be condensed, but the data as 
to filter loading should be rewritten in the light of the contributions 
from the United States Public Health Service Laboratory. Develop- 
ments in re-carbonation since the first edition should be carried 
under the chapter on Water Softening. 

Developments in zeolite treatment as applied to municipal supplies 
should be extended and the sections on Ultra-Violet Ray treatment, 
Ozonization and Iodization should be materially condensed. There 
should be a statement as to the limitations of the degree to which 
finished water should be stored when this storage is likely to result 
in material changes in the bacterial content of the water before it 
reaches the consumer. 

It will be seen that these suggestions are not in the tone of criticiz- 
ing what was done in the first edition of the Manual. Anyone who 
has had the slightest contact with the work that went on prior to the 
appearance of the first volume realizes that its completion in as 
satisfactory form as it now exists was a very commendable enter- 
prise. It is now time to consider the changes which have gone on in 
the art of purification since the first edition was issued and see that 
those things which are worth while are set out in the way that 
brings them to the attention of men engaged in public water supply 
work. 


Mr. W. C. Masee:® Most of these gentlemen today have dis- 
cussed the Manual from the angle with which they are most familiar 
and that is where I am going to interject a few remarks in regard to 
checking on water. We study up on a subject when it has been 
assigned to us and sometimes we do not study up until that time 
comes because we are so very busy with our every day problems. 
I am going to talk on the subject of ‘“‘Unaccounted for Water.”’ 


* Chief Engineer, Indianapolis Water Company, Indianapolis, Ind. 
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_ The Manual is a valuable source of information. I did not find 
everything a water works man would want to know in it, as much 
has been left unmentioned. There is a tabulation which shows the 
amount of water that is accounted for in a number of cities and in 
some of those tabulations show quite a number of cities accounting 
for 100 per cent of the water that enters their systems. When you 
think about that it sounds fishy and I know you men will agree with 
me that it is fishy. I suggest there is room for improvement in the 
Manual in dealing with the subject of ‘‘Unaccounted for Water.” 


A Mempser: There is one chapter that is very interesting to me 
personally and I think it is a subject that should be given consider- 
able attention, although as yet it is in the experimental stage. Some 
suggestions have been made to cut out the chapter on iodization, but 
to me it is very interesting because in my family there has been a 
case of goiter that was caused by the water supply. I found this 
7 material very valuable. 

Another thought on the question of services. Every water supply 

has services and there are different ways of making these connections. 

Another suggestion which I would make is a greater use of figures 

and diagrams. There are many cases where words are used that 
would be more intelligible, if taken care of by pictures, diagrams and 
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abn be TEST FOR CHLORO-PHENOLIC TASTES 

The test for chloro-phenolic tastes offered by Mr. Sperr and his 
collaborators is admirably designed.' It is believed that, in one re- 
spect, it can be improved upon so as to fulfil more satisfactorily the 
end which the authors had in view. It is possible that a miscon- 
ception exists as to the réle played by chlorine in causing taste. The 
“jodoform” taste may be due to bromophenols instead of chloro- 
phenols and possibly, in very rare instances, to iodophenols. The 
action of the chlorine is to liberate bromine from the bromide natur- 
ally present in the water. The combination between bromine and 
phenol is one of the best known reactions of phenol and those familiar 
with the bromophenols will easily identify their persistent odor with 
the ‘“chlorophenolic” odor. 

We should expect, therefore, the addition of bromine to say 0.075 
to 0.125 p.p.m. instead of chlorine to 0.3 p.p.m. to prove much more 
satisfactory in actual work. Precaution has to be taken not to use 
too much bromine, for an excess appears to kill the taste the same as 
chlorine. 

It is true that, as pointed out by Professor Kolthoff in a private 
communication, commercial liquid chlorine may contain much 
bromine; it may, therefore, yield some “iodoform” taste with phenol 
at high dilutions. But the chlorine attacks the bromophenol and if 
in sufficient excess and given sufficient time will eliminate the 
‘Sodoform”’ taste (superchlorination effect). 

Perhaps a trace of sulphur dioxide could be used for debromination 
instead of the boiling. 

Our work has not reached the stage at which we can put forward 
quantitative figures. We offer these suggestions with all reserve 
in ™ hope that those using the test may find them helpful. 


1 Journal, May, 1928, page 605. Tes, we: 
Water Depertasent; Toronto, Can. 
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EDITORIAL COMMENT 


‘Fire HazarRDS AND THE WATER SUPPLY 


Within the past four months, two conflagrations have occurred in 
the United States which have definite significance for the water works 
fraternity. Both of these were of tremendous proportions and both 
were preventable. The first refers to the Fall River, Massachusetts, 
fire, starting in the early evening of February 2, 1928. It destroyed 
virtually six blocks of the business center of Fall River with a total 
loss estimated by the National Board of Fire Underwriters at some- 
thing over $6,000,000, of which about $4,000,000 were covered by 
insurance. The replacement costs, however, probably will be in the 
neighborhood of $10,000,000 or more. 

The conflagration is the subject of a detailed report! issued by the 
National Fire Protection Association. The report is an instructive 
summary of the assets and failures of fire protection and prevention 
measures Of all types. Among these the water supply facilities at 
Fall River showed up remarkably well. The report demonstrates 
clearly the vast importance in water supply design and maintenance 
of adequate storage capacity, complete pumping equipment, satis- 
factory curb pressures and large sized supply mains. As a matter of 
fact, the sole deficiency in the water supply system reported during 
the fire was that of possible shortages of water due to the somewhat 
limited capacity of the 24-inch supply main for the heavy demands 
made uponit. During twelve hours at the height of the fire, the total 
pum page varied from 940,000 to 980,0C0 gallons per hour. 

In view of the fact that fire apparatus was used during this fire from 
neighboring towns, in some cases 50 miles away, and that 32 motor 
pumpers were actually in use from 22 neighboring cities, the necessity 
and value of standard hose couplings on municipal fire hydrants in 
Fall River and nearby cities were amply demonstrated. The 
National Standard hose coupling threads were established about 
four years ago in Fall River and nearby cities. All of the cities 


1 The Fall River Conflagration, February 2-3, 1928, National Fire Protec- 
tion Association, Boston, Mass. mild? Yo * 
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sending apparatus to Fall River, with the exception of one, were 
able to connect directly with the Fall River hydrants and hose. 
The single exception sent its companies provided with adapter 
couplings. 

The report on the water supply facilities is gratifying in that it 
concludes that “Considering the very heavy drafts on the system by 
the fire apparatus and the numerous broken services in the buildings, 
which ran until the following morning before emergency crews from 
the water works could reach them to shut off the water, it would seem 
that the water supply stood up under the strain fairly well.”’ 

The report further concludes that the great extent of loss was due 
to the fact that the area burned was covered with buildings of inferior 
construction, with practically no effective fire division walls and little 
fire resistive construction. Sprinkler buildings, fire walls and wall 
openings properly protected with tin clad shutters and wire glass 
windows, were instrumental in checking the spread of the fire in a 
number of directions. Automatic sprinklers adjacent to window 
openings and open sprinklers were of enormous aid in preventing fire 
spread. 

An illustration of a totally different state of affairs is that of the 
Crisfield, Maryland, fire, on March 29 and 30, 1928. Crrisfield is a 
community of some 4100 persons. A fire started in a local theatre. 
It destroyed 90 buildings, an area of 4 blocks surrounding the munic- 
ipality’s busiest corner and caused an estimated monetary loss of 
$1,000,000. The fire lasted throughout the night and was largely 
subdued after a shifting wind had made it possible for the Crisfield 
fire department and the fire departments from five other cities to 
control the blaze. It is probable that, if the wind had not shifted, an 
area many times in size would have been wiped out. 

This catastrophe has considerable significance to the water supply 
superintendent. The water storage facilities were less than 175,000 
gallons. Auxiliary driving equipment for the municipal water pumps 
was lacking, so that when the electric lines furnishing power to the 
pumping station fell, the water works pumping plant was completely 
out of service. The distribution system was of small size and recourse 
to pumping from nearby creeks was essential. The 120,000 gallons 
of water remaining in the municipal standpipe, when electric power 
was shut off from the plant, were exhausted in afew minutes. Water 
was obtained from a creek approximately one-third of a mile from the 
scene of the fire and was relayed to the fire by the engines through 
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the municipal distribution system. The area burned contained a 
number of properties of wood of distinct structural hazard and built 
in many instances in solid block. 

The importance of these two instances of destruction by fire is both 
in contrast and in similarity between the different sets of conditions. 
In contrast, one community was adequately supplied with fire fighting 
facilities, while the other was deficient. In similarity, however, both 
communities, large and small, contained extremely hazardous areas 
which might have been more adequately protected through modern 
building laws. 

That water supply facilities must be brought to the maximum 
point of fire fighting efficiency, even in very small towns, is no longer 
debatable, even upon financial bases. Dryden,? for example, has 
recently called attention to the construction in Salisbury, Md., of a 
new and improved water supply system for a total expenditure of 
$450,000 for a population of 12,000. Before the construction of 
these water supply facilities, the fire insurance deficiency charge for 
water supply alone was 19.6 cents per $100. After the water supply 
was built in accordance with the usual Fire Underwriters Association’s 
requirements, this water supply deficiency was reduced to 1.7 cents 
per $100. The financial objection to water supply construction 
disappears when it is noted that, in the above system, the annual 
fixed charges on the outstanding water bonds are $27,000, whereas 
the annual savings in fire insurance premiums on non-residential 
properties alone are now estimated at $40,000. 

Similarly, Munroe,? in discussing the figures presented by Dryden, 
points out a similar reduction of from 55 to 30 cents per $100 in a 
community in Maryland of 4000 population, following upon and due 
to the installation of an adequate water supply system. 

The taxpayer and water consumer have everything to gain and 
nothing to lose by installing modern water supply systems adequate 
both for domestic and fire fighting purposes. 

ABEL WoLMAN® 


? Paper before Maryland Water and Sewerage Association, April 10, 1928. 
8 Editor-in-Chief, Journal of the American Water Works Association; Chief 
Engineer, Maryland Department of Health. 
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FLORIDA SECTION 


The second annual meeting of the Florida Section was held at 
Orlando, April 3 and 4, 1928. 

The meeting opened at the Tuesday luncheon which was the 
courtesy of the Orlando Chamber of Commerce, at which time 65 
plates were served. In the afternoon the business session was held 
and the following officers were elected for the coming year: Chair- 
man, A. P. Michaels, of Orlando; Vice-Chairman, R. W. Reynolds, 
West Palm Beach; Directors: C. C. Brown, Gainesville; F. J. Stew- 
art, Hollywood; F. W. Lane, St. Petersburg; Ben Tippens, Daytona, 
Beach and O. Z. Tyler, Jacksonville; Secretary-Treasurer, E. L. 
Filby, Jacksonville. 

The Tuesday evening banquet was given in honor of J. E. Gibson, 
President, American Water Works Association. Mr. Gibson gave 
a very pertinent address on the subject of ‘““Not Good if Detached’”’— 
stressing the fact that every waterworks superintendent or operator 
should be a member of the Section of American Water Works Asso- 
ciation nearest to him. Speakers at the banquet included, Malcolm 
Pirnie and F. W. Weir, Assistant Engineer of Georgia State Board of 
Health. 

The Wednesday program was given according to schedule. By 
Wednesday noon the register had reached its peak of 114 and an 
enjoyable luncheon was served at the Orlando Utilities Commission 
Filter Plant (Municipal) through the courtesy of the Utilities 
Commission. 

At the Manufacturers Banquet on Wednesday evening Jackson- 
ville was selected for the next meeting place for the 1929 meeting. 

Stenographic notes were taken of the entire meeting for the two 
days. 

The following papers were presented during the session. 

“Laboratory control of water purification.” F R. Georgia. Dis- 
cussed by A. P. Black, C. C. Humphries, M. A. Norris and Charles 
Morgan. 

“Private Operation of Small Plants.” G. C. Hyde. 
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7 “Underwriters Requirements for Fire Protection Purposes for 

Small Plants.”” A. M. Schoen. 

“Automatic Control of Electrical Pumping Devices.” R. B. 

Roberts. nh 

“Sarasota’s Automatic Water Plant.” J.R. Brumby, Jr. | 

“An Electric Automatic Iron Removal and Pumping Station.” 

P. P. De Moya. 

“Determination of Equitable Water Rates.’’ Malcolm Pirnie. 

“Cost Accounting for Water Works.” R. H. Smith. 

“Railroad Water Supply.” aff | 
“Chemical Quality.”” W. H. Hobbs. “int? Arn 
“Mechanical Features.”” H. P. Boone. 

Round Table Discussion—‘‘Public Relations.’’ Led by R. W. 


[ E. L. FILBy, 


The third annual meeting of the Montana Section, held at Lewis- 
town, March 8, 9, and 10, 1928, was a repetition of the success of the 
preceding 

Trips to the city’s big springs, flowing some 62,720 gallons of 
water per minute; to the plant of the Three Forks Portland Cement 
Company, and to other points of interest to technical men aided in 
the entertainment of the delegates. 

Three legislative matters of interest to water works operators 
were of chief importance on the floor of the convention. be 

The section went on record as favoring the passage of a bill in the 
state legislature which would create in all cities and towns owning 
and operating municipal water systems, a board of water commis- 
sioners functioning independently, as far as possible, from the local 
council. 

Due to the great need of closer codperation between fire fighting 
organizations, the water works superintendents, who in many cases 
are members of their local fire departments, voted to support an 
attempt to standardize all hose connections in the state, making them 
conform to the National (American) Standard Fire-Hose Coupling 
Screw Thread. The attempt will be made through the purchase of 
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sets of standardizing or salvaging tools by the state and their use by 
agents of the state fire marshall’s office in coéperation with the local 
fire department officials. 

The question of a state plumbing code and examining board gained 
the support of the whole delegation who voted to back an attempt 
to secure the necessary legislation. 

There were in attendance 18 active members of the local section, 
10 active or associate members from other localities, 10 others repres- 
enting water works equipment houses, and several who through their 
state or local positions were interested in the proceedings, 47 in all 
being registered. 

Mr. Theo. Leisen, past president and member of the Executive 
Committee, A. W. W. A., now residing in and directing the activities 
of the Municipal Utilities of Omaha, was in attendance and on the 
program. The Section extended a vote of thanks to the parent 
Association for delegating Mr. Leisen to attend the sessions as its 
representative. 

Mr. Jos. M. Schmit, city engineer of Lewistown, Montana, was 
chosen president for the coming year with Emil Sandquist, city 
engineer, Havre, and H. B. Foote, state sanitary engineer, Helena, 
supporting him as vice-president and secretary-treasurer,respectively. - 

A banquet sponsored by visiting equipment representatives, and 
enjoyed by the whole delegation, concluded the activities of the 
annual conclave. Great Falls, Montana, will be host to the fourth 
annual convention in 1929. 


— 
et 
~ 
4 


ABSTRACTS OF WATER WORKS LITERATURE! 


FRANK HANNAN 


Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 
figure 12 refers to the volume, 1 to the number of the issue, and 16 to the page 
of the Journal. 


Rapid Test for Water Content of Damp Aggregates. Tappan Co.uins. 
Eng. News-Rec., 99: 604, 1927. Brief description of method for determining 

water content which consists in mixing a saturated salt solution with the 
; aggregate and determining the specific gravity of the resulting solution with 
a hydrometer, contained in a syringe, graduated in gallons of free water per 

_ eubie foot of aggregate. No correction for absorbed water is necessary.— 
E. Thompson (Courtesy Chem. Abst.). 


Placing 36-inch Pipe in 150-foot Sections Saves Time and Cost. Eng. News- 
Rec., 99: 603, October 13,1927. Brief data on construction of recently com- 
pleted 17-mile El Capitan pipe line from Riverview pumping plant to San 
Diego, Cal., which consists of 36-inch lock-bar steel pipe, $ inch thick, wrapped 

. with soilproof covering and delivered along trench in 30-foot lengths. Five 
30-foot sections were riveted together and the 150-foot unit (weighing 18 tons) 
was then lowered into ditch by 2 derricks mounted on crawlers.—R. E. 
Thompson. 


Pondage a Factor in Spillway Design. Eng. News-Rec., 99: 606-7, October 
13, 1927. Discussions of methods for spillway analysis by J. C. STEVENs, 
_W.S. Parpor and Metvin D. Caster.—R. E. Thompson. 


Diversion Dam Consists Chiefly of Collapsible Units. A. KANEKEBERG. 
_Eng. News-Rec., 99: 769, November 10, 1927. Brief illustrated description 
_of small diversion dam of Public Service Co., on Platte River in Colorado con- 
_ sisting of reinforced-concrete apron with steel sheet piling collapsible cutoff 
—wall.—R. Thompson. 

Long Water Tunnel in Great Britain. Eng. News-Rec., 99: 795, November 

17,1927. Brief description of 16-foot tunnel 16 miles long through Ben Nevis 
being constructed as part of supply line for hydro-electric plant.—R. E. 
Thompson. 


1 Vacancies on the abstracting staff occur from time to time. Members 
desirous of codperating in this work are earnestly requested to communicate 
with the chief abstractor, Frank Hannan, 285 Willow Avenue, Toronto 8, 
Ontario, Canada. 
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Winter Construction Methods and Plant. C.S.Hmu. V. Winter heating. 


of concrete materials and mix. Eng. News-Rec., 99: 506-10, 1927. VI. Hand- 
ling and placing concrete in winter. Ibid., 544-8. VII. Protecting winter 
placed concrete in heavy sections. Ibid., 597-9—R. EZ. Thompson (Courtesy 
Chem. Abst.). 


Turbine Efficiency 94 Per Cent Over Wide Range of Head. Eng. News-Rec., 
99: 628, October 20, 1927. Brief data on two hydraulic trubines recently in- 
stalled in Melones Power House of Pacific Gas and Electric Company, on 
Stanislaus River, which have attained efficiency of approximately 94 per cent 
at heads ranging from 160 to 220 feet.—R. E. Thompson. 


Steel Penstock Design By a Graphical Method. Prtrer Brer. Eng. News- 
Rec., 99: 629-34, October 20, 1927. Graphical method proposed.—R. E. 
Thompson. 


Flood Protection Work Started at Beardstown, Ill. Eng. News-Rec., 99: 
588-9, October 13, 1927. Illustrated details of flood protection work at Beards- 
town on Illinois River —R. EF. Thompson. 


Further Data on Failure of the Gros Ventre ‘‘Dam.’’ Eng. News-Rec., 99: 
600-1, October 13, 1927. On June 23, 1925, a landslide swept earth and rocks 
down mountain side and blocked Gros Ventre river channel, forming dam 
about 1} miles thick through base and some 4000 feet long on top. No fears 
were entertained as to safety of natural barrier, but on May 18, 1927, a portion 
of the material gave way and was carried out by impounded water with great 
suddenness. Event is important in regard to grading of materials used in 
earth dams. Conditions obtaining described.—R. E. Thompson. 


Carbon Dioxide Treatment at St. Louis Water Works. A. V.Grar. Eng. 
News-Rec., 99: 643, 1927. Two plants for producing CO, will be installed at 
St. Louis for preventing carbonate deposition following softening with lime; 
one of 40,000-pound per day capacity to treat 160 million gallons per day at 
the old works and one of 20,000-pound per day capacity to treat 80 million 
gallons per day at the new plant. Each plant will consist of a gas producer 
burning coke; combined washer, scrubber, and drier; gas burner; compressor 
or blower; and necessary gages. Trouble from carbonate deposits has been 
much less since the adoption of filtration. The deposit on the filter sand 
amounts to 17 per cent of the filtering medium.—R. FE. Thompson (Courtesy 
Chem. Abst.). 


Expansion and Contraction of Welded Gas Lines. Eng. News-Rec., 99: 635, 
October 20,1927. Data from paper by F. M. Lees, Jr., describing construc- 
tion of 215-mile line made up of pipe 14, 16, and 18 inches in diameter. Most 
satisfactory method of securing and holding slack in large lines is by laying 
line on top of 12- to 24-inch blocks spaced 100-200 feet apart. Line may then 
be lowered into ditch during early afternoon with skids distributed where 
blocks were formerly placed. It can then be covered between blocks and the 
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blocks removed during night, allowing line to settle into ditch sufficiently to 
be covered. Unless skids hold up line at regular intervals, slack secured by 
use of blocks will crawl ahead and be lost. Amount of slack is determined by 
temperature variations. Due consideration should’ also be given to elasticity 
of the steel, and where line crosses long steep hills great care should be taken 
to be sure that compression exists on both sides of hill. Use of expansion 
joints or couples is unncessary and would only be source of trouble. Practice 
indicates that with only fairly good weld no trouble will be experienced from 
expansion and contraction with temperature variation of as much as 60°.— 
R. E. Thompson. 


Sink Hole Topography Study for Sewage Disposal. J. E. Lamar. Eng. 
News-Rec., 99: 642-3, 1927. Study of underground flow in connection with 
proposal to dispose of sewage of subdivision of Alton, Ill., by emptying into 
conveniently located sink hole, indicated that sewage thus discharged would 
enter Mississippi River at point above water works intake of Alton.—R. E. 
Thompson (Courtesy Chem. Abst.). 


Use of Returned Sludge Speeds up Water Softening Reactions. A.W. Buu. 
Eng. News-Rec., 99: 748, November 10, 1927. Laboratory tests at Columbus 
and Pittsburgh indicated that use of returned sludge considerably hastens 
water softening reactions. Tests at Columbus showed that agitation for 
19 hours was necessary to reduce soap hardness to 66 p.p.m. by lime-soda 
method, while same reduction was secured in 2 hours by addition of 50 cc. 
sludge per gallon of water with the softening chemicals, and in 1 hour by 
addition of 100 cc. sludge. Best results were secured with sludge concentra- 
tion of 15,000 p.p.m. Fact that final alkalinity and causticity were not in- 
creased by increasing amount of sludge shows that results were not due to 
presence of unused chemicals. At Pittsburgh, with water unusually high 
in magnesium sulfate, addition of 7100 p.p.m. sludge produced good results. 
Water was apparently softened as easily at 0°C., as at 10°C., and in both 
cases better results were obtained than could have been effected at 30°C., 
without use of sludge. Further advantage is increased efficiency of sedi- 
mentation when sludge is added.—R. EF. Thompson. 


Modification of Bell’s Bund System Simplifies River Control. P. CLAxTon. 
Eng. News-Rec., 99: 720-2, November 3, 1927. Description of method of 
river control known as Bell’s Bund System, widely used in India for protection 
of embankments at river crossings. Its essential feature consists in using 
; still-water pockets to keep swift waters of main stream from reaching banks 
needing protection by construction of earth bunds—R. E. Thompson. 


Wood Stave Outfall Sewer Encased with Concrete after Bands Fail. W.C. 

4 HammattT. Eng. News-Rec., 99: 686,1927. An 18-inch redwood stave outfall 
sewer laid in El Cerrito, Cal., in 1905 through a salt marsh which was drained 
and reclaimed in 1913 developed an occasional leak in 1920. Examination 
showed the wood to be in perfect condition but that steel banding in many 
cases had failed due to corrosion. The pipe has now been encased in 2 inches 
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of concrete, which, it is believed, will extend the life of the pipe 20 years. — 
R. E. Thompson (Courtesy Chem. Abst.). 


Water Pumped into Reservoirs for European Plants. Oren Reep. Eng. 
News-Rec., 99: 722-3, November 3, 1927. Data on several power plants in 
Europe.—R. E. Thompson. 


Sewer Tunneling by Day Labor at St. Paul, Minn. Wm. N. Carey. Eng. 
News-Rec., 99: 709-11, November 3, 1927. Illustrated description of con- 
struction of concrete lined tunnel, 7 feet and 8 feet horseshoe section, 50 feet 
below surface, through mixture of clay and sand, 75 per cent of which was wet 
enough to be hazardous.—R. E. Thompson. 


New Design Features in Willwood Diversion Dam. Ivan E. Houx. Eng. 
News-Rec., 99: 660-4, October 27, 1927. Illustrated description of design and 
construction of Willwood diversion dam on Shoshone River irrigation project 
in northern Wyoming. Dam, which was built by Bureau of Reclamation in 
1922-3, is concrete gravity overflow structure 320 feet long, surmounted by 
steel truss highway bridge. Canal headworks section, 70 feet above founda- 
tion, was made integral part of dam, diversion water being carried through 
longitudinal tunnel within structure —R. HE. Thompson. 


Description of Water Treatment at Indianapolis. Harry E. Jornpan. Eng. 
News-Rec., 99: 762-4, 1927. A detailed description of the plant for purifying 
the water supply of Indianapolis, which is obtained from the White River. 
Construction of a sedimentation basin and improved operating methods 
enabled the rate of filtration through the slow sand plant constructed in 1904 
to be increased from 2.6 to 6.2 million gallons per acre per day. A coagulant 
is employed when the suspended matter exceeds 30 p.p.m. A 12-million gallon 
per day rapid sand plant, consisting of six 2-million gallon per day units and 
twin coagulation basins, was placed in operation in 1926. The alum dosing 
equipment consists of a hydrometer-controlled tank for preliminary adjust- 
ment, the final concentration being controlled with the aid of conductivity 
apparatus. Under certain raw water conditions prechlorination is employed, 
and Cl, is applied at all times to the effluent to maintain a residual Cl; content 
of 0.1 p.p.m. The maximum turbidity of the effluent during the first year of 
operation was 0.3 and the average 0.17 p.p.m. The average bacterial count 
at 37° after chlorination was 7 per cubic centimeter, and B. coli was present 
in only 0.6 per cent of 10-cc. samples examined.—R. E. Thompson (Courtesy 
Chem. Abst.). 


Mississippi River Commission Severely Criticised. ArrHuur E. Morean. 
Eng. News-Rec., 99: 641, October 20,1927. Criticism of work of Commission, 
particularly with regard to rejection of reservoirs as means of flood control. 
—R. E. Thompson. 


Timber Bulkhead Protects Levee in Louisiana. Eng. News-Rec., a 
665, October 27,1927. Brief description of bulkhead wall of piles and sheeting 
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constructed on Mississippi River front at Arabi, La., to protect levee grade 
increase. —R. E. Thompson. 


Stream Pollution and Industrial Wastes in Wisconsin. Eng. News-Rec., 
99: 664, October 27, 1927. Data from report of survey conducted by State 
Board of Health and the Conservation Commission, July 1, 1925 to December 
31, 1926. Survey was authorized by legislature in 1925, which appropriated 
$10,000 annually to enforce statutes in regard to stream pollution. Data 
on Mississippi River are given. Conclusions regarding treatment of industrial 
wastes include: (1) Pea canneries: Application of 3} pounds ferrous sulfate 
and 7} pounds lime per 1000 gallons of waste, followed by satisfactory sedimen- 
tation, will reduce oxygen demand approximately 75 per cent. Cost of equip- 
ment for maximum discharge of 100,000 gallons per day ranges from $2000 to 
$2800, and operating costs from $13 to $15 per day. Removal of coagulated 
solids is essential to prevent overloading of sewage disposal plants during 
canning season. (2) Paper mills: Suitable save-all equipment will econo- 
mically reduce waste of paper-making material to about } pound per 1000 gallons 
of waste. Aérating and impounding sulfite liquors will reduce oxygen demand 
50-75 percent. (3) Knitting mills: In preliminary treatment, lint and grease 
constituents, which interfere with normal operation of sewage disposal plants, 
can be removed by fine mechanical screening and iron sulfate and lime treat- 
ment. (4) Combined sewage wastes: Experiments at Waupun, Wis., on city 
sewage combined with wastes from dye-works and pea and corn canneries, 
indicated that either activated sludge process or preliminary sedimentation, 
chemical treatment, and aération would yield satisfactory effluent. Plans 
for latter have been approved and construction authorized.—R. E. Thompson. 


European River-and-Harbor Laboratories Revisited. JoHNn R. FREEMAN. 
Eng. News-Rec., 99: 873-5, December 1, 1927. Data given on laboratories 
visited in Germany, Italy, and Switzerland. Important work could be 


- accomplished in similar laboratories in United States. Laboratories are of 
_ 3 types: (1) Those dealing with river control and harbor work. (2) Those 7 
_ dealing with hydraulic power problems, study of turbines, centrifugal pumps, r 3 
ete. (3) Those for solving naval problems.—R. E. Thompson. 


3 New Water Supply for Kansas City to be Completed in 1928. Eng. News- _ 
~ Rec., 99: 719-20, November 3, 1927. Description of progress on new 100- | 
- m.g.d. supply system of Kansas City, Mo. Purification works for treatment _ 
- of Missouri River water consist of 3 traveling screens of 3-inch mesh, 4 pre- 
_ liminary settling tanks of combined capacity of 16 m.g. equipped with Dorr | 
_ clarifiers, 2 tanks of combined capacity of 2m.g.formixingwithlimeandalum, __ 
5 coagulation basins of 51 m.g. total capacity, 24 rapid sand filters and chlo- _ 

- rination equipment. Data included on construction of Missouri Valley — 
- eoncrete-lined tunnel, which is 7} feet in diameter and 15,570 feet long. Gas . 
- encountered was serious difficulty, as result of which compressed air had to © 
be substituted for electrical equipment, lighting being obtained by cap lights. 
_ Ordinary 40 per cent gelatin dynamite caused ignition of gas. Adoption of 
~Gelobel, which is about same strength but has very fast flame, eliminated 
this difficulty —R. E. Thompson. 
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Semicircular Arch Dam Model Tested in Italy. C. Gurpr. Eng. News- 
Rec., 99: 668-9, October 27, 1927. Illustrated description of test of arch dam 
17 feet in span and 16 feet high, which, by ingenious experimental arrange- 
ment, was carried out under head far exceeding height of structure. Observa- 
tions on elastic deformations agree closely with those made on Stevenson 


Creek Dam.—R. E. Thompson. 


Rotating Chains Effectively Clean Pipe in Oil Field Service. Eng. News- 
Rec., 99: 685, October 27, 1927. Removal of protective coatings, rust, etc., 
is effected by home-made device consisting chiefly of belt driven disk to whose 
face a number of short pieces of chain are firmly attached by one end. When 
disk is rotated chains stand out like spokes of wheel, projecting beyond edge 
of disk, and tap pipe with rapid succession of light hammer blows. Pipe 
section to be cleaned is laid on car carrying roller device so arranged that pipe 
can easily be rotated by hand as car moves to and fro within reach of chains.— 
R. E. Thompson. 

Work of Mississippi River Commission Outlined. C. W. Kurz. Eng. 
News-Rec., 99: 670-3, October 27, 1927. Review of history and limitations 
of Commission and outline of studies on extensive flood-control program 
based on effects of 1927 flood.—R. E. Thompson. 


Flood Rainfall in New England. H. K. Barrows. Eng. News-Rec., 99: . 
796-8, November 17, 1927. Data given on rainfall in New England on Novem- a 
ber 3-5, 1927, which resulted in flood. —R. E. Thompsoh. 


River Conditions in Flood Areain NewEngland. Eng. News-Rec.,99: 798-9, 
November 17, 1927. Data given on flood flow of rivers as result of storm of 
November 3-5, 1927.—R. E. Thompson. 


Flood Effect on Sharon Dam on the White River. R.R.Marspen. Eng. 
News-Rec., 99: 799, November 17, 1927. Brief data on damage by flood.— 
R. E. Thompson. 


Testing Welds Under Field Conditions. Eng. News-Rec., 99: 800, Novem- 
ber 17, 1927. Recent investigations have shown that in bending test, meas- 
urement of elongation rather than angle of bend is more accurate indication 
of quality of weld. Gage marks are made on either side of weld and specimen 
is bent to first sign of cracking, after which elongation may be easily measured 
with flexible scale. Elongation should be about 20 per cent for weld in mild 
steel plate. Portable machine has been developed to test specimens cut from 
welds in a line. —R. E. Thompson. 


Difficulties Met With in Welding River Crossing of Pipe Line. Eng. News- 
Rec., 99: 847-8, November 24, 1927. Brief description of construction of 2 
welded 10-inch gas pipe lines across Mississippi River. Line was arched up- 
stream to put it under compression, 1500 feet of pipe being used in 1300-foot, 
crossing.—R. E. Thompson. 
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Ingenious Form-Handling on Covered Reservoir. Eng. News-Rec., 99: 
838-40, November 24, 1927. Illustrated description of construction of 2 
covered concrete reservoirs at Providence. Structures are familiar type 
depressed reservoir: slab floor, columns on raised pedestals, flat roof with 
drop panels over columns and reinforced walls of uniform thickness from top 
to bottom, tied into both roof and floor. One reservoir, Neutaconkanut, is 
400 X 600 feet and other, Longview, is 200 X 320 feet. —R. E. Thompson. 


Government to Begin Flood Study. Eng. News-Rec., 99: 810, November 
17,1927. Letter by Engineering News-Record to Secretary of Interior urging 
comprehensive flood studies, and reply by Husrert Work to effect that study 
of New England flood is under way and that broader flood studies will be 
undertaken.—R. FE. Thompson. 


Flood Study and Flood Precautions. JoHN R. FREEMAN. Eng. News-Rec., 
99: 810, November 17, 1927. Discussion with special reference to New Eng- 
' land flood.—R. E. Thompson. 


Some Aspects of New England’s Greatest Flood. JoHn W.SHAveR. Eng. 
1 News-Rec., 99: 841-5, November 24, 1927. Data on flood of November, 1927. 
—R.E. Thompson. 


Power-Operated Pipe-Straightening Device Used in Oil Fields. Eng. News- 
Rec., 99: 846, November 24, 1927. Brief illustrated description of machine 
for straightening pipe“up to 103-inches outside diameter and wall thickness 
of 4 inch. Fundamentally, scheme consists of placing pipe beneath steel 
lever arm operated by compressed air and mounted in heavy concrete setting. 
=R. E. Thompson. 


7 ; Additional New England Rainfall Records. Eng. News-Rec., 99: 888, 
December 1, 1927. Additional records for rainfall on November 2-4, 1927.— 
R. E. Thompson. 


Heat Changes during Setting of Alumina and Portland Cements. A. A. 
JAKKULA. Eng. News-Rec., 99: 955-6, 1927. Results of experiments carried 
out to determine amount of heat developed and temperature reached during 
setting are presented graphically. The conclusions formed are as follows: 
(1) Specimens made of neat cement and confined to prevent heat escape, 
reached temperature above 100°. (2) A decrease in the richness of the mix 
reduced the temperature rise. (3) Alumina cement specimens reached tem- 
perature 4 times that of similar portland cement specimens. (4) The rise in 
temperature of the alumina cement specimens was sudden, a rise of over 100°F., 
occurring in approximately 15 minutes in every instance. (5) A high initial 
temperature causes quick settling of an alumina cement mix. (6) Alumina 
cement specimens generated over twice as much heat as similar specimens 
of portland cement. (7) With an initial temperature below 80°F., the tem- 
perature of alumina cement concrete will start to rise in approximately 5 
hours.—R. E. Thompson (Courtesy Chem. Abst.). 
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Emergency Water Supply Relief in New England’s Flood Area. Eng. News- 
Rec., 99: 889, December 1, 1927. Details given of restoration of water supply 
of Waterbury, Vt., as typical example of emergency and final relief —R. EZ. 
Thompson. 


New Power Plant Replaces Old Waterwheels. Eng. News-Rec., 99: 908-11, 
December 8, 1927. Illustrated description of hydro-electric plant being con- 
structed on Connecticut River at Bellows Falls, Vt., by New England Power 
Association.—R. E. Thompson. 


New England Flood Rainfall Surpassed in Central States in 1913. C. H. 
E1rrert. Eng. News-Rec., 99: 974, December 15, 1927. Data given showing 
that New England flood rainfall in 1927 was exceeded during Ohio storm of 
1913, maximum 2- and 1-day falls over 4000 miles area being 8.0 and 5.8 inches 
for Ohio storm and 6.4 and 5.4 inches for New England storm—R. E£. 
Thompson. 


Bronze-Weld Joint Develops Full Strength of Cast Iron Pipe. Eng. News- 
Rec., 99: 880-1, December 1, 1927. Results of investigation by United States 
Cast Iron Pipe & Foundry Company, and Lunde Air Products Company. 
Fractures occurred in iron next to weld with collar type of joint, while with vee 
type failure occurred along edge of weld. Because of high shear strength of 
bronze adhering to cast iron and the doubtful tensile adhesion, collar type of 
joint has been used practically exclusively up to present time. Mechanical 
design of collar joint necessarily causes stresses to concentrate on either side 
of joint. Early abandonment of vee type joint was due, not to defects in its 
mechanical design, but to improper preparation of pipe ends for welding. 
Finished surface of cast iron when machined is difficult to tin and as result 
bronze adheres poorly. Pioneer investigators were unaware that by searing 
or annealing machine bevels to bright red, tinning becomes easy. Bending 
tests made on full size pipe sections welded with vee joint indicated efficiencies 
of 83 and 79 per cent respectively for de Lavaud and sand-cast pipe. Failure 
occurred in every case along vee. By redesigning this joint and adding shear 
area the “‘shear vee’’ joint (illustrated) was developed. In tests of the joint, 
pressures of 27,800 and 24,500 pounds per square inch were reached before 
failure occurred.—R. E. Thompson. 


Chinese Flood Problems Similar to Those of Mississippi. G. W. OLIve- 
cronA. Eng. News-Rec., 99: 875-6, December 1, 1927. Description of flood 
problem of Kwangtung, China, which is similar in many respects to Mississippi 
problem.—R. E. Thompson. 


Tests Show Shrinkage Effect of Calcium Chloride in Concrete. A.S.LEVENS. 
Eng. News-Rec., 99: 912, 1927. Tests of concrete in which had been incor- 
porated 1-6 per cent CaCl2, showed that shrinkage is greatly increased when 
CaCl; is added, particularly with the larger amounts. Considerable increase 
is apparent with the optimum ameurt of CaCl, (24 per cent based on weight 
of cement).—R. E. Thompson (Courtesy Chem. Abst.). 
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Reconstructing Croton Aqueduct High Bridge. Eng. News-Rec., 99: 864-6, 
December 1, 1927. Illustrated description of reconstruction of High Bridge, 
New York’s Roman-type masonry arch aqueduct across Harlem River, which 
is being carried out in interests of navigation —R. EF. Thompson. 


Right to Underground Water Sustained by Court. Danre, W. Murpuy. 
Eng. News-Rec., 99: 926, December 8, 1927. Superior Court of Maricopa 
County, Arizona, recently handed down decision in which right of well owners 
to flow of water in underground stream is recognized regardless of inability 
to locate boundaries of underground channel. Suit was brought by subsid- 
iaries of Goodyear Tire and Rubber Co., against Maricopa County Municipal 
Water Conservation District No. 1, et al. Defendants had constructed dam 
on Agua Fria River forming reservoir in which waters of stream are stored and 
used for irrigation. Plaintiffs contended that water absorbed in stream bed 
was source of supply for their wells. Finding was that impervious bed and 
7 banks are not essential to an underground stream, and that the less permeable 
') in materials which border an underground stream may be regarded as forming 
sits bed and banks.—R. E. Thompson. 


= 
7 _ Five Cableways 3100 Feet Between Masts for Nile River Dam Work. Eng. 
a 7 News-Rec., 99: 932, December 8, 1927. Brief description of 5 aérial cable- 
sways, 182 feet high, to be used for transportation of men and materials during 
construction of Nag Hammadi Barrage across Nile River.—R. E. Thompson. 


Study of Sewage Settling Tank Design. C.H.Capern, Jr. Eng. News-Rec., 
99: 833-7, 1927. Conclusions drawn from a study of a number of sewage 
settling tanks are given. The term efficiency rating (expressed as a percent- 
age) is used to denote the ratio: flowing-through period/detention period. 
In practice this varies from about 50 per cent in the case of some well designed 
tanks to 20, or 15, or even less, in the case of others. The flowing-through 
period was determined by the salt method, the theory of which is discussed. 
The salt concentration in the effluent was first determined by titration and 
later a conductivity method was devised. When a dye was introduced simul- 
taneously with the salt, the appearance of deepest color at the outlet usually 
agreed closely with the peak chloride concentration but the color always 
disappeared before the last trace of chloride. Recommendations as to design 
are included. By using reasonable care it is believed that an efficiency rating 
of 30 per cent may be obtained. The theory is applicable to any settling prob- 
lem, such as water coagulation. |Those interested will find instructive 
discussion of the application of salt method to determination of flowing 

a through time in paper by Guy T. P. Taruam in J. Soc. Chem. Ind. 35: 711-5, 
15, 1916.—Axsstr.] —R. E. Thompson (Courtesy Chem. Abst.). 


a Tunneling Methods in Plastic Clay at Detroit. Eng. News-Rec., 99: 
* 7 ~ 948-54, December 15, 1927. Illustrated description of extensive tunnel pro- 


tunnel at depth of 60-100 feet. Lining is-of concrete, with grouting to fill 
- voids. Material sates which tunnel is being driven consists chiefly of 


gram in progress at Detroit which comprises nearly 10 miles of 14- and 12-foot — 3 
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varieties of clay interspersed with sand pockets, and construction methods 
include tunneling in free air and under light pressures, and tunneling by hand 
and by machine boring. New tunnel is part of aqueduct system which includes 
for immediate construction a 4500-foot intake tunnel under Detroit and for 
future construction a second undercity tunnel. Ultimately each of land 
tunnels will have, at inland end, filtration works and pumping stations. 
Whole system will provide additional supply of 900 m.g.d.—R. E. Thompson. 


Study of Sewage Settling Tank Design. Eng. News-Rec., 99: 1054-6, 1927. 
Discussions of article of C. H. Carren, Jr., by Ricnarp H. Goutp, F. E. 
Daniets and H. L. THackweut and reply by C. H. Capren, Jr.—R. E. 
Thompson (Courtesy Chem. Abst.). 


Hydromineral Springs. Physico-Chemical Determinations to be Carried 
Out in the Field. F.Toupiarn. Ann. fals., 19: 396-411, 467-80, 1926. From 
Chem. Abst.,21: 370, February 10,1927. Description of determinations which 
must be carried out to ascertain normal conditions (temperature, rate of flow, 
chemical composition) of a spring. —R. FE. Thomrson. 


Innovations in the Field of Rust Prevention. A. V. BLom. Chem.-Ztg., 
50: 885-6, 1926. From Chem. Abst., 21: 371, February 10, 1927—R. E. 
Thompson. 


Corrosion Damage to Steam Turbines. Ericn Bucnuoutz. Korrosion, 
1: 29-30,1926. From Chem. Abst., 21: 371, February 10,1927. Thisis largely 
due to water droplets in steam.—R. EF. Thompson. 


Corrosion of Cast Iron. E.C. Dickinson. Bull. Brit. Cast Iron Research 
Assoc., 1926, No. 14, 14-6. From Chem. Abst., 21: 371, February 10, 1927. 
Review of experimental research on corrosion of cast iron. Points discussed 
are: theory of corrosion, comparison of corrosion of cast iron and of steel, 
and conditions influencing rate of corrosion.—R. FE. Thompson. 


Determination of Free Alkali in Dakin’s Solution. Viremio Lucas. Rev. 
chim. pharm. militar 1: 17-9, 1925. From Chem. Abst., 21: 431, February 
10, 1927. Of all methods recommended for reduction of sodium hypochlorite 
prior to addition of phenolphthalein, sodium thiosulfate alone gave good 
results.—R. E. Thompson. 


Long-Time Tests of Concrete Using Various Coarse Aggregates. P. J. 
Freeman. Eng. News-Rec., 99: 879-80, 1927. Long-time (10-year) tests 
were carried out on concrete made with furnace slag, limestone, granite, trap 
rock, and gravel as coarse aggregate. Regardless of the coarse aggregate 
employed, concrete increased in strength when stored in dry air up to the 
age of 1 year, and after that time decreased in strength so long as such 
storage was continued. Strength was regained after storage in the weather, 
and at the end of 10 years it had exceeded its 1-year strength. Use of slag 
of varying composition and weight did not vary the strength of the concrete 
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in proportion either to the weight or to the content of any constituent.—R. E. 
Thompson (Courtesy Chem. Abst.). 


New Feature of Lewis Traveling Girder Speeds Tunnel Driving. Eng. 
News-Rec., 99: 933, December 8, 1927. Illustrated description of recent 
material improvement in design of Lewis girder used in driving Moffat tunnel 
by heading and bench method in soft ground.—R. EF. Thompson. 


Toe Erosion Below Overfall Dams. SHerMAN M. Woopwarp. Eng. News- 
Rec., 99: 974, December 15, 1927. Brief discussion of use of hydraulic jump 
for dissipating kinetic energy below dams, of conditions necessary for success- 
ful application of method, and of reasons for failures —R. E. Thompson. 


Tunneling at Musconetcong Now and Fifty Years Ago. Eng. News-Rec., 
99: 988-92, December 22, 1927. 1036-40, December 29, 1927. Comparison 
is made of methods employed in construction of the two railway tunnels 
through Musconetcong Mountain, built in 1872-5 and 1926-8 respectively. 
Former is 4829 feet long with rock section 21 feet high and 26 feet wide; latter, 
4840 feet long, 30 x 25 feet in section, parallel to and 130 feet south of old 
tunnel.—R. E. Thompson. 


Gen. Jadwin Reports on Flood Protection System from Mississippi River. 
Eng. News-Rec., 99: 961-6, December 15, 1927. Essential recommendations 
contained in report of Major-Gen. EpGar JApwin, Chief of Engineers, United 
States Army, just transmitted to Congress by the President with his endorse- 
ment. Policy of depending on levees only is for first time abandoned, this 
system being declared incapable of providing for maximum predicted flood. 
Estimated cost of protection works is $296,400,000.—R. E. Thompson. 


Commission Finds Mississippi Flood Control to Cost $684,000,000. Eng. 
News-Rec., 99: 1006-8, December 22, 1927. Complete control of Mississippi 
River floods is estimated by Mississippi River Commission to cost $684,000,000 
without land cost or damages, or more than twice amount stated by Major- 
Gen. EpGar Japwin. The two projects, with some exceptions, are similar.— 

R. E. Thompson. 


Two Venturi Meters in Series with Range of 1:100. Eng. News-Rec., 
99: 966, December 15, 1927. Brief illustrated description of arrangement of 
2 venturi meters with range of 1:100 designed by Chief Engineer HENLE of 
Munich, Bavaria, and built for spring water supply of Thalheim-Muehlthal. 
—R. E. Thompson. 


Composite Gravity and Hollow Type. Dam of Pit River. Eng. News-Rec., 
99: 994-5, December 22, 1927. Brief illustrated description of Pit 4 dam com- 
pleted by Pacific Gas and Electric Company on Pit River in July, 1927. There 
is solid rock foundation on one side of stream and comparatively soft under- 
lying strata on opposite bank. Combination gravity and hollow type con- 
crete dam selected kept cost within reasonable limits and fully satisfied 
foundation requirements.—R. E. Thompson. 
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The Sliding-Gage Colorimeter and the Determination of Minute Quantities © 
of Ammonia, Nitrite, Lead, and Iron. A. L. Brernovuriir. Helv. Chim. 
Acta, 9: 827-40, 1926. From Chem. Abst., 21: 30, January 10, 1927. The 
very precise colorimeter described was developed by Fuess of se nacraloenl 
and is undoubtedly the most accurate colorimeter yet devised. Utilizing — 
the dark color that ferric ions give with pyrocatechol, 0.002 mg. of iron in — 
0.1 ec. can be determined with accuracy of 0.4-1.0 per cent. Instrument “4 
particularly suitable for determination of ammonia, nitrite, lead, and iron ~ 
in water.—R. E. Thompson. 

A Modification of the Gillespie Method of Determining Hydrogen-Ion 
Concentration. J. McCrar. Analyst, 51: 287-90, 1926. From Chem. | 
Abst., 21: 30, January 10, 1927. Description of apparatus for colorimetric 
determination of H-ion concentration designed to avoid inconvenience of | 
having to make a large number of volumetric and drop measurements.— i 
R. E. Thompson. 


The Disinfecting Power of Chloramine (Von Heyden). Apo.pu Koswa: 
Centr. Bakt. Parasitenk. I. Abt., 99: 164-71, 1926. From Chem. Abst., 
21: 113, January 10, 1927. Chloramine (Von Heyden) has 25 per cent avail- 
able chlorine. It will remain unaltered for 15 days in dark glass. Concen- 
tration of 1:500 in culture media will inhibit B. coli. A 0.5 per cent solution 
will kill B. coli in 10 minutes. —R. FE. Thompson. 


Water Softener. H. A. Kern. U. S. 1,604,124, October, 1926. From Pe 
Chem. Abst., 21: 147, January 10, 1927. Substantially permanently liquid Bir 
composition for softening water comprises sodium aluminate, sodium hy- 
droxide and water. U. S. 1,604,125 specifies clarifying water by adding ; 
reaction products formed from hydrated lime and solution of sodium alumi- 
nate and sodium hydroxide. U.S. 1,604,126 specifies forming water-softening 
composition by adding sodium carbonate to sodium aluminate solution in 
sufficient quantity to take up solvent as water of crystallization and form 
solid product.—R. E. Thompson. 


Wells and Springs of Dorset. W. Wuitaker and WiLrrip EpwarpDs. 
Mem. Geol. Survey England, 1926, 114 pp. From Chem. Abst., 21: 145, 
January 10, 1927. Geological structure discussed in relation to water supply. 
Local supplies described and analyses given.—R. EF. Thompson. 


Method for the Combined Determination of Oxygen Absorbed and Albumin- 
oid Ammonia in Sewages and Effluents. J. W. Hatcu Jonnson. Analyst, | 
51: 345, 1926. From Chem. Abst., 21: 145, January 10,1927. After distilling — 
off free ammonia in usual way, leaving volume of approximately 250 cc., add — 
25 ce. of 20 per cent sodium hydroxide and 20 ce. of 0.125 normal potassium — 
permanganate. Heat with reflux condensation for 30 minutes, cool and 
make up to 500 cc. Remove 2 separate portions of 50 ec. each, acidify, addy 
potassium iodide and titrate with sodium thiosulfate. Each result gives 
the oxygen absorbed by 0.1 original volume and is 4 times result for 4 hours 
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at80°F. Return remaining 400 cc. to flask and distil off ammonia and nessler- 
ize. This gives albuminoid ammonia for C.8 original volume and is slightly 
higher than ordinary Wanklyn value.—R. E. Thompson. 


Modification of the Kjeldahl Method for Determining Organic Nitrogen 
in Sewage Effluents. J.W. Haiau Jounson. Analyst, 51: 405, 1926. From 
Chem. Abst., 21: 146, January 10, 1927. Kjeldahl process gives unsatis- 
factory results in presence of nitrates and nitrites. Suggested that large 
amounts of free and saline ammonia be first removed by usual distillation, 
and then nitrites by distillation after acidifying with 2 cc. 7 normal sulfuric 
acid. When nitrites cease to appear in distillate, reduction of nitrates may 
be effected by adding 0.5 gram zinc dust with 10 cc. 7 normal sulfurie acid. 
Solution should be boiled in reflux condenser for 15 minutes. Kjeldahlization 
ean then be carried out in usual manner.—R. E. Thompson. 


Water Supplies on Canadian Great Lakes Vessels. G.H.FrrGcuson. Pub- 
lic Health Reports, 42: 16, 1097-1101, April 22,1927. To apply regulations for 
the standard quality of water for drinking and culinary purposes, physical 
examinations of water supply systems installed on Great Lake vessels were 
made in 1923 and 1924. 908 routine visits to Great Lake vessels were made 
in 1925. Contact with health and navigation officials by correspondence and 
interviews was necessary. Considerable coéperative work with the U. S. 
Public Health Service was carried on. The supervision of vessel water sup- 
plies is a considerable problem owing to the large number of vessels and 
extent of traffic. A continual check on these supplies is necessary to keep 
to a minimum typhoid, dysentery, and diarrhea outbreaks from such sources. 
—R. E. Noble. 


Report of a Typhoid Epidemic in Grafton, W. Va., During the Winter of 1926- 
27. E.S. TispaLe. Public Health Reports, 42: 18, May 6, 1927. During 
December, 1926, and January, 1927, 150 cases of typhoid occurred with 25 
deaths. The pumping station chlorinator was found to be partially crippled 
and tests for residual chlorine were negative. The chlorinator had been shut 
down for repairs sometime during the preceding month. Stools from ty- 
phoid patients at Arden, 20 miles upstream from Grafton, had been thrown on 
the banks of a small stream leading tothe river. The full-time city and county 
health officer, during his term of office had carefully watched the water supply. 
As an economy measure the full-time health work was discontinued by the 
county court some months previous to the epidemic with consequent neglected 
supervision of this supply. Preventive measures were taken and conditions 
corrected.—R. E. Noble. 


Water to Passengers and Crew. Isaporr W. MENDELSOHN. Public Health 


Responsibility of Interstate Common Carriers in Supplying Safe Drinking 
4 Reports, 42: 13, 868-871, April 1, 1927. The legal responsibility of companies 


= 7 transporting passengers in interstate traffic for the safety and welfare of 

Se _ the passengers and crew is pointed out. The interstate quarantine regulations 

an 4" 3 of the United States are referred to. Cases and court decision concerning 
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an outbreak of water borne disease due to polluted drinking water on two 
lake vessels are cited —R. E. Noble. 


Court Decisions Relating to Public Health. Public Health Reports, 42: 
14, 925-927, April 8, 1927. Compensation Granted under Workmen’s Compen- 
sation Act for Death from Typhoid Fever. Illinois Supreme Court; John 
Rissman and Son vs. Industrial Commission et al., 154 N. E. 203; decided 
Oct. 28, 1926. Typhoid Fever Held Not Compensable under Workmen’s Com- 
pensation Act. Texas Commission of Appeals, Section B. Buchanan et al. 
vs. Maryland Casualty Co., 288 S. W. 116; decided Nov. 24, 1926. Act Author- 
izing Construction and Saeaidlion of Public Water Supply System and Proceed- 
ings Thereunder Upheld. Virginia Supreme Court of Appeals; Kirkpatrick 
et al. vs. Board of Supervisors of Arlington Co. et al., 136 S. E. 186; decided 
Nov. 26, 1926.—R. E. Noble. 


Court Decisions Relating to Public Health. Public Health Reports, 42: 
26, July 1, 1927. Injunction to Restrain Enforcement of Ordinance for Pre- 
vention of Pollution of Source of City’s Water Supply, Located in United States 
Forest Reservation, Denied. Washington Supreme Court; Brown vs. City 
of Cle Elum, 255 P. 961 ; decided April 28, 1927.—R. E. Noble. 


Purification of Swimming Baths Water.—A Leeds Installation. Surveyor, 
72: 1865, 374, October 21, 1927. A brief article covering the purification plant 
for the two swimming baths at Holbeck. The combined capacity of the 
baths is 103,000 gallons. The water circulated through the purification plant 
once each six hours, is taken from the deep end of the bath by an electrically 
driven pump and discharged to the chemical mixing and storage tanks from 
which it passes through two 8-foot pressure filters. The water is heated and 
aerated before returning to the pool, aeration being supplied by compressor. 
—A.W. Blohm (Courtesy U.S. P. H. Eng. Abst.). 


The Water Purification Equipment of the Public Baths of St. Gallen. W. 
Grimm. Chemical Abstracts, 21: 15, 2519, August 10, 1927. ‘The pool 
has a surface of 200 sq. m., a water vol. of 300 cu. m. and accommodates about 
61,000 people a year. 50,000 cu. m. a year of the standard drinking water 
supply is required. It is kept at a temperature of 23.5°. The water is with- 
drawn from the deep end, passed through a rapid sand filter, chlorinated and 
returned to the shallow end.’’—A. W. Blohm (Courtesy U. S. P. H. Eng. 
Abst.). 


State Regulation of Bathing Places. ArtHur M. Crane. Jour. American 
Association for Promotion of Hygiene & Public Baths, 9: 30, 1927. Writer 
notes in discussion of the American Public Health Association Report of the 
Joint Committee on Bathing Places that it is quite within the province of 
duly constituted health authorities to specify a certain degree of purity 
of pool water and this to be enforced by the police power of the state —A. W. 


Blohm (Courtesy U.S. P.H.Eng.Abst.). 
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Layout of Accessory Equipment in a Modern Swimming Pool. J. Frep- 
ERICK JACKSON. Eng. News-Rec., 98: 6, 232, February 10,1927. Description 
of a new pool located at the St. Francis Orphan Asylum, New Havem, Conn. 
One important point in the design is that the water supply line, drains for 
outlets and scum gutters and pipe for vacuum cleaner are all placed in a 
passage in the basement where they are accessible—A. W. Blohm (Courtesy 
U.S.P.H. Eng. Abst.). 

New Water Softening Plant for Beverly Hills, California. R. L. Darpy. 
Western Construction News, 2: 20, 31, October 25, 1927. Beverly Hills 
derives its water supply from various wells averaging 15 or 16 grains per gallon 
hardness and 8 or 10 p.p.m. hydrogen sulphide. After experimental work 
on a 70,000 g.p.d. plant a 5 m.g.d. plant was designed to include: aeration; 
coagulation with lime and alum; sedimentation; secondary alum coagulation; 
secondary sedimentation; filtration. Chlorination is provided to be added 
at any point after aeration. It will probably be used after secondary sedi- 
mentation. Aeration will remove 40 to 60 per cent of the hydrogen sulphide. 
The aeration house is covered and closed on the east and north, the south 
and west being open to take advantage of trade winds. In the northeast 
corner is a ventilating tower 118 feet high with a 6 foot stack provided with 
an oil burner at the base. Primary coagulation tanks with motor-driven mix- 
ing paddles are followed by a Dorr Clarifier with sixty minute retention 
period. The water then flows through secondary coagulation tanks similar 
to primary tanks and then to 2 sedimentation basins with five hours’ retention 
period. Split alum dosage and long retention has been found economical and 
permits the greatest reduction of hydrogen sulphide. Five filter units of 
1 m.g.d. each are provided, and the design allows for five additional units on 
the opposite side of the pipe gallery. Clear water reservoir has a capacity 
of 5 million gallons —A.W. Blohm (Courtesy U.S. P. H. Eng. Abst.). 


The Upper San Leandro Filtration Plant of the East Bay Water Company, 
Oakland, California. Witrrep F. LANGELIER. Western Construction News, 


from Upper San Leandro Reservoir. In addition to high turbidity and 
color at certain seasons, traces of manganese were expected in the raw water, 


of nozzle aerators; 4 coagulation units, each 20 feet in diameter by 20 feet 
deep, with motor operated stirring mechanisms; sedimentation basins of 


and for double coagulation; four 3 m.g.d. filter units, bifurcated so that 
half units may be washed; chlorinators for treating raw and filtered waters; 
a 3,000,000-gallon filtered water storage reservoir and provision for sereneey' 
of wash water —A.W. Blohm (Courtesy U.S. P.H. Eng. Abst.). 


Residual Germicidal Action of Water Treated with Ultra Violet Rays. C.E. 
Bernpt. Jour. American Association for Promoting Hygiene and Public 


2: 19, 77, October 10, 1927. The upper San Leandro Filtration Plant is a 
thoroughly modern plant of 12 m.g.d. capacity, designed to handle the supply © 


as has been found at the neighboring San Pablo plant where it badly coated _ 
the sand grains and impaired the efficiency of filter units. The plant consists 


2,000,000 gallons capacity arranged in duplicate for series or parallel flow 4 
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Baths, 9: 36,1927. The proper exposure of water to ultra violet rays destroys 
bacterial life without adding odor, taste or irritating qualities to the water. 
When used in connection with swimming pools with re-circulating systems 
the results obtained are far better than the law of purification by consecutive 
dilution would indicate. According to this law, two turnovers of a pool 
water per twenty-four hours would indicate a removal of 63 per cent of the 


impurities. 


Swimming Pool Sanitation a Public Health Problem. 


H. P. Crorr. 


Tests made using ultra violet ray sterilization show much better 
results.— A.W. Blohm (Courtesy U.S. P. H. Eng. Abst.). 


Jour. 


American Association for Promoting Hygiene and Public Baths, 9: 34, 1927. 
That the control of indoor and outdoor swimming pools by health authorities 
is desirable for the promotion of public health is evidenced by two states 
having statutory regulations; seven state health departments adopting rules 
and regulations; eight state health departments acting in an advisory capacity; 
and eight others preparing or considering the preparation of rules and regu- 


lations —A.W. Blohm (Courtesy U.S. P. H. Eng. Abst.). 


California State Board of Health—Rules Governing Sanitation, Safety and 


Cleanliness of Swimming Pools. 


Jour. American Association for Promoting 


Hygiene and Public Baths, 9: 65, 1927. The new rules were adopted in 1926 
and cover the bacteriological quality of the pool water, cleanliness of pool 
water, sanitation of premises, sputum contamination (by requiring a scum 
gutter), diseased persons, dressing room and sanitary conveniences, safety 
of bathers, laundry, operating records and report, with application for permit. 
Notes accompanying the rules cover the question of construction, water 
supply and water treatment, including disinfection and copper sulphate 


treatment. 


of Sanitary Engineering of the State Board of Health. 


Applications must be made and permits granted by the Bureau 
Where construction 


is contemplated a report including detailed plans must be submitted.—A. W. 


Blohm (Courtesy U.S. P. H. Eng. Abst.). 


Specifications and Analyses of Gravel and Filter Sand—Where Sand may 


be Obtained. 


Lewis O. BERNHAGEN. 


Proc. Ninth Texas Water Works 


Short School, 169, January, 1927. Modern filter plant operators must produce 


good water at low cost. 


The perforated underdrain system has resulted in 


economy in construction and operation but demands extreme care in selecting 


and grading the gravel bed. 
‘Gravel should not have flat surfaces.’ 
washed and placed carefully in five layers. 
rather than sharp. 


be handled. 
are given. 


Complete specifications for gravel are included. 
Gravel should be uniformly graded, 
Filter sand should be round 
Other specifications for sand depend upon the water to 
Complete specifications for sand for filtering an average water 


Suitable gravel may be found in Texas. “‘An almost ideal 


filter sand may be obtained at Red Wing, Minn.’’—A. W. Blohm (Courtesy 


U.S. P. H. Eng. Abst.). 


Determining Coagulant Dosage by Bottle Tests. 
Ninth Texas Water Works Short School, 264, January, 1927. River waters 


Lewis I. BrrDSALL. 


Proc. 
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change rapidly in quality. These changes require corresponding changes 
in the amount of coagulent to be used in a water purification plant. Pro- 
a cedure is outlined for bottle tests to appraise the amount of coagulant 


required.—A.W. Blohm (Courtesy U.S. P. H. Eng. Abst.). 


Iowa’s Water Supply Problem in Its Relation to Sewage Disposal. Hans 
V. PEDERSON. Bulletin 88, Engineering Extension Dept., Iowa State College, 
18, March 5, 1927. After pointing out stream pollution conditions in Iowa 
and the sources of sewage and industrial wastes, the writer states that the 
number of public surface water supplies in Iowa will increase and recommends 
early and proper treatment of the wastes to prevent pollution of the streams. 
—A.W. Blohm (Courtesy U.S. P. H. Eng. Abst.). 


Developing and Protecting Underground Water Supplies. J. G. Monr- 
GOMERY. Proc. Ninth Texas Water Works Short School, 125, January, 1927. 
Discusses protection of underground water supplies with particular reference 
to Texas conditions. Includes instructions developed by Layne-Texas Com- 
pany to prevent pollution of new wells during construction and to provide 
initial disinfection upon completion. ‘‘After well has been completed and 
developed six 2-ounce capsules of chloride of lime for each 100 gallons of water 
within the pipe should be sent to the bottom of the well. Should not be 


pumped again for forty-eight hours.”” A.W. Blohm (Courtesy U.S. P. H. 
Eng. Abst.). 


The Determination of Available Chlorine in Water-Sterilizing Powder 
(Chlorine) by Means of the Horrocks Box and Hypo Tablets. S. Exxiorr. 
Jour. Royal Army Medical Corps, 49: 2, 116, August, 1927. A method, not 
as accurate as those of the laboratory but sufficiently so for rough work in 
the field, for determining the amount of available chlorine in water-sterilizing 
powders, is described. The method contemplates the use of the Horrocks 
Box, but gives capacities of cups and scoops included in such box, and gives 
the strength of the few solutions used. The method is simple, and it should 
take only a few minutes to make such a test.—A. W. Blohm (Courtesy U.S. 
P. H. Eng. Abst.). 


The Value of Methods for the Differentiation of Bacilli of the Coli-Aerogens __ 
Group, When Applied in Shanghai. E.P.Hickxs. Jour. of Hygiene, 26: 3,357, 
August, 1927. The collection made of the coli-aerogenes group included the —- 
following strains: 100 from human, 50 from animals, and 50 from soil. The 
tests applied were: Methyl red, Voges-Proskauer, Koser’s Citrate, and indol 
production. Before each test the respective media were incubated for five _ 
days at 37°C. Very little difference was noted between the fecal strains _ 
from human and animal sources. Author concludes in part that the citrate 
and indol tests are of value, the citrate being the better of the two, and that — 71 
the methyl red and Voges-Proskauer tests are of no value—A.W. Blohm | 
(Courtesy U.S. P. H. Eng. Abst.). ; 


N. CHATTERJEE. 
An apparatus, consisting princi- __ 


Note on the Aeration of Water. J. FowLerandS 
Surveyor, 72: 1855, 139, August i 1927. 
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pally of 3 aspirator bottles and an aeration chamber made of the outer jacket 

- of a Liebig Condenser, arranged to determine the amount of oxygen that is 
dissolved from surface streaming and from air bubbles passing through the 
liquid in the condenser is described. When water containing about 1.0 p.p.m. 
of dissolved oxygen was allowed to stand in the condenser with only a small 
tube open to the air the oxygen content was increased to 1.2 p.p.m. in twenty- 
four hours. When the condenser was not quite full, leaving an area of water 
equal to the cross section of the condenser exposed, the solution of oxygen 
from the streaming effect was increased to 5.0 p.p.m. after standing an addi- 
tional twenty-four hours. However if air was slowly bubbled through the 
water in the condenser for only ten minutes the oxygen contents was increased 
1.0 to 5.0 p.p.m. The authors present this experiment to controvert the 
opinion that probably only a very minute quantity of oxygen is absorbed by 
sewage as air passes through it and that most of the aeration takes place at the 
surface.—A. W. Blohm (Courtesy U.S. P. H. Eng. Abst.). 


Interstate Control of Stream Pollution. JoHn E. Monaer. Nation’s 
Health, 9: 8, 16-18 and 68, August 15, 1927. Writer believes that the State 
Health Department is the logical organization to exercise control of stream 
pollution. Citation is made of the coéperation of nine state health depart- 
ments which are interested in the control of the Ohio River system. ‘‘The 
possibilities of coéperative action among the states, and particularly the 
health departments of the states, are apparently unlimited and with the 
development of a conscience by the states, the stream pollution problems as 
affecting one another may be solved without the intervention of inet 
agencies.—A. W. Blohm (Courtesy U. S. P. H. Eng. Abst.). 


Elimination of Errors in the Ortho-Tolidin Method. F. R. McCrums. 
Journal N. E. Water Works Association, 41: 4, 386, December, 1927. Factors 
to be considered are; turbidity; alkalinity of material; presence of interfering 
substances as manganese, iron, nitrites; time of development and duration 
of ortho-tolidin color; effects of temperature and light. Experiments were 
performed at laboratories of LaMotte Chemical Products Company, Balti-— 
more, Maryland. Comparator method adopted, and new standards had to 
be established. This was done by using solutions of potassium dichromate 
and copper sulfate checked by sodium thiosulphate titration, and ortho- 
tolidin Nessler tube method. Satisfactory results secured on turbid and 
colored solutions by comparator method over range 0.1 to 10 p.p.m. of chlo- | 
rine in presence of turbidity, color, and interfering substances as manganese, 
iron, and nitrites. The pH at time of color formation, to give a satisfactory — 
color on ortho-tolidin test, found to be not over 2.0. Hydrochloric acid can 
be put in the ortho-tolidin reagent with one gram of ortho-tolidin, to the amount 
not over 98 g.p.l. at 25 + 1°C. The ortho-tolidin color reached its maximum > 
in from one to three minutes and lasted 20-30 minutes, when used in water. 
In case of sewage and trade wastes it developed in from one to fifteen minutes — 
(usually in less than 5 minutes) after which fading of color set in. It is advis-— 
able to take the reading at the time the maximum color is developed. —Carl — 
Speer, Jr. 
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Cross-Connections in Connecticut. Warren J. Scorr. Journal N. E, 
Water Works Association, 41: 4, 365, December, 1927. Cross-connections 
between potable water supplies and impure supplies constitute important 
problem to health and water works authorities. Courts recently show 
tendency to hold water works owners responsible for elimination of dangerous 
cross-connections. In Connecticut in May, 1926 public hearings at State 
Capitol were held to discuss proposed sanitary-code regulations which, after 
- asecond hearing, were adopted. Immediately work was begun to eliminate 
-_ eross-connections, or to protect them by double check-valves under permit. 
Double check-valves.were permitted only on the understanding that arrange- 
_-—s ment was temporary and after each one had been tested by officer of Health 
Department. Method of testing valves explained with diagram and written 
material. Results to date show new types of valves to be giving good 
results provided they are properly maintained. Types of cross-connections 
found are: (1) fire service, (2) industrial use, (3) boiler feed, (4) pump 
‘priming, (5) auxiliary drinking water. Complete separation is the only 
really satisfactory procedure.— Carl Speer, Jr. 


Public Works and State Boundaries. CLEMENS HERSCHEL. Journal N. E. 
Water Works Association, 41: 4,331, December, 1927. Article brings out need 
of reciprocity between states in matters of public works construction, same as 
in trade and travel, if we are not to waste millions of dollars in expensive con- 
struction work in order to avoid crossing state borders. Methods suggested 
are: (1) Compact between states concerned. (a) Requires consent of Con- 
gress to become effective. (2) Equitable relief through action of Federal 
Courts. (a) Likely to consume years of time and then have no satisfactory 
ending. (3) Concurrent legislation by adjoining states. (a) Not obligated 
to seek approval of Congress. (4) Multiple state charters. (a) Procure 
legislation in any one state on a matter of no direct importance to it by throw- 
ing open subscription to stock of water company to everybody, up to the 
limit of one less than half the number of shares issued, with the interested 


municipality in reserve to take up all remaining unsubscribed stock. (b) | 
Ruling considerations for planning and construction then will be natural 
resources as found.—Carl Speer, Jr. 


Interstate Water Rights. Cares M. Savitie, Journal N. E. Water Works 
Association, 41: 4, 340, December, 1927. The Federal Government regulates’ 

; interstate streams only for navigation purposes. All other interest and au- 
a thority rest with states or individuals and are limited to the holding in trust 
sof common property for benefit of citizens. No state has a right to pollute 
the water so as to make it unfit for use in another state. A distinction is made > 
between surface water and underground water. Surface water usefulness 
is considered under three heads: (1) riparian rights; (2) prior appropriation; | 
(3) reasonable use. It is customary for states to settle disputes of distribu-| 
tion of water in interstate streams by compact or concurrent State Legislation. 
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Making Money out of Filter Sludge. A.W. Butt. Water Works Engineer- 
ing, 80: 25, 1687, November 23, 1927. Chemical reactions involved in water 


softening proceed slowly at low temperatures. Even after 15-20 hours the 
water will be found to contain greater quantities of calcium and magnesium 
ions than should be present in saturated solutions of the precipitated com- 
pounds. One method of reducing this super-saturation, or lack of reaction, 
is by introducing to the water sludge from the coagulation basins. From 
experiments conducted at Columbus, Ohio, and Pittsburg? Pa., the following 
conclusions were drawn: ‘‘(1) the return of sludge is of distinct benefit in 
water softening practice; (2) the beneficial results are due either to a catalytic 
speeding up of the reaction or, more probably, to a reduction in super- 
saturation.’’ By increasing the concentration of solids in water prior to 
sedimentation, clearer effluent can often be obtained than by plain sedimenta- 
tion without the addition of excess solids. Sludge which is returned in water 
softening is a chemical precipitate without any further capacity for absorbing 
lime, whereas the river mud removed by presedimentation has shown a marked 
tendency to remove lime from solution and to increase the quantity of chem- 
icals needed for softening.—Carl Speer, Jr. Oy 


Methods Used in Denver to Clear Clogged Service Pipes. H. D. Gross. 
Water Works Engineering, 80: 25, 1759, December 7, 1927. Service pipes in 
Denver are made of lead ‘‘X X’’ strong. They are cleaned by opening faucet 
in rear of building and then opening and closing the curb cock, working rapidly. 
If this does not clean pipe, service in the basement of building is disconnected, 
several handfuls of rock salt put in end of pipe leading to main, wad of tissue 
paper placed on top of rock salt, and force pump connected. Service pipes 
are also cleaned with acid. This process is very effective —Carl Speer, Jr. 


NEW BOOKS 


Municipal and Rural Sanitation. Vicror M. Exurrs and Ernest W. 
STEEL. First edition, 448 pages, 119 cuts, 1927. Published by McGraw-Hill 
Book Company, Inc. This book covers in a general way, the entire subject 
of sanitation, devoting a chapter to each of the following: Communicable 
Diseases; Principles of Excreta Disposal; Excreta Disposal without Water 
Carriage; Excreta Disposal with Water Carriage; General Characteristics 
of Water; Treatment of Water; Protection of Water Supplies; Refuse 
Collection; Refuse Disposal; Mosquito Characteristics; Mosquito Control 
Methods; Organization of Anti-Mosquito Campaigns; Fly Control; Rodent 
Control; Milk Sanitation; Food Sanitation; Plumbing; Ventilation; Light; 
Housing; School Sanitation; Industrial Hygiene; Tourists Camps; Swimming 
Pool Sanitation; Miscellaneous; Disinfection; Vital Statistics and Public 
Health Organizations. It has been the aim of the authors to place in con- 
venient form the knowledge which the sanitarian requires. They have pro- 
duced a volume which should be of valuable assistance to both the layman 
and the sanitarian.— A. W. Blohm. 
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_ The Water Resources of Rhode Island. Report of the Commission ap- 
pointed to investigate the sources of water supply for cities and towns, to the 
_ General Assembly at the January Session, 1928. Pamphlet, 126 pages, (1928). 
_ The report discusses the water resources of the State from the standpoint 

of the geologist, the chemist and the engineer. The section on ‘‘Geology, 
Climate and Run-off,’’ by Charles Wilson Brown, reviews the geological forma- 
tions, the climatic factors including temperature, precipitation and evapora- 
tion and the run-off which averages from 50 to 60 per cent of the rainfall. 

The quality of the water supplies is ably discussed by Stephen DeM. Gage, 
under three general classes, namely: surface supplies without purification, 
used by 33.9 per cent of the entire state population, filtered surface supplies 
used by 62.3 per cent, and ground water supplies, used by 3.8 per cent of the 
- total population. The physical and chemical characteristics and bacterial 
- eontent of the individual public supplies are given in tabular form. Data 

concerning disinfection of certain of the public supplies are presented. The 

sanitary quality of 1.797 rural wells, as disclosed by examination, showed 
; - that 52 per cent were safe for domestic use, 23 per cent were doubtful and 25 

_ per cent were unsafe. 

‘The engineering features such as populations supplied, drainage areas, 
Oo rivers and streams, water supply developments, etc., are summarized by 
George H. Leland. Many detailed statistics are presented in the form of 
i tables, including the physical characteristics of each of the public water 
supplies of the State —J. K. Hoskins (Courtesy Public Health Engineering 
Abst.). 


7 Report on Cast Iron Pipe. Seventy-Fifth Annual Report, Board of Water 
Commissioners, Detroit, Michigan, for the Year Ending June 30, 1927. 
Page 21. At the request of this Board, a report was prepared under date of 
July, 1926, entitled, ‘‘A Study of Centrifugally Cast Pipe vs. Sand Cast Pipe 
- for the Water Board of the City of Detroit,” by Professors F. N. Menefee and 
_A. E. White, Department of Engineering Research, University of Michigan. 
_ The following is taken from that report: 
“Foreword. This report has been jointly prepared by Professors F. N. 
_ Menefee and A. E. White. The thickness measurements, the radial compres- 
sion, tensile, transverse and impact tests, with computations thereon, were 
made under the direct supervision of Professor Menefee. 

‘While this report was in preparation, a paper dealing with practically the 
same subject, ‘A Study of the Relation Between Properties of Cast-Iron Pipe 
Tested Under Impact, Internal Pressure, and Flexure, and the Correspond- 
ing Properties Found in Several Kinds of Test Specimens Taken Therefrom,’ 
by Arthur N. Talbot and Frank E. Richart, was read before the American 
Society of Testing Materials at their annual meeting, June 21st to 26th, 1926. 

“The object of this investigation has been to determine the relative merits 
of Centrifugal Cast Iron Pipe and Sand Cast Pipe as requested in order No. 
4112 by the Water Board of the City of Detroit, Dated November 16th, 1925. 

‘‘The work performed required physical, chemical, and metallographic tests 
on forty-eight (48) pieces of pipe. Four (4) of the pipes tested were shipped to 
the University of Michigan in November, 1925, and forty-four (44) were picked 
out by Professors Menefee and White at one of the Detroit yards of the Water 
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Board in December, 1925. They were received at the University in January, 
1926. The report is likewise based on data and information secured when 
Professor White visited the Alabama plant of the United States Cast Iron Pipe 
and Foundry Company in February, 1926. 

‘‘No attempt has been made in this report to cover such phases as installa- 
tion, maintenance, tests of joints, and other matters of a similar character. 

“Summary. Our findings with regard to the respective merits of centrifu- 
gally and sand cast pipe follow: 


IMPORTANCE OF TESTS TESTS FAVOR 
Primary (2) Variation in thickness Centrifugal 
Primary (1) Tensile mi Centrifugal 
Primary (4) Impact y Sand cast 
Primary (5) Radial compression —s_—© Sand cast 
Primary (3) Removal of strains | No decision 
Secondary (1) Radial deflection Centrifugal 
Secondary (3) Inside smoothness Centrifugal 
Secondary (5) Cutting Centrifugal 
Secondary (6) Metallographic Centrifugal 
Secondary (2) Transverse Centrifugal <4 ; 
Secondary (7) Hardness Centrifugal a 
Secondary (4) Resistance to corrosion No decision 
Secondary (8) Chemical No decision 


“The thirteen headings shown above represent the main subdivisions of the 
investigation. The first five are the ones of outstanding importance. Opinion 
might differ on the division, but in the main it is believed that we are correct 
in thus weighing the different tests into ones of primary and ones of secondary 
importance. 

‘We find considerable hinges around the character of the annealing opera- 
tion which forms a part of the centrifugal pipe manufacturing practice. 
Though as at present performed it is, in most cases, adequate for the removal 
of strain, yet if opportunity were provided for the pipes to cool more slowly 
through the critical range they would possess a much higher resistance to 
shock from impact, there could be no question about the complete removal of 
strains and the hardness conditions would be improved, or at least not ad- 
versely affected. What change, if any, on the radial compression and trans- 
verse properties would result froma lengthening of the anneal, is problemati- 
cal. We feel a longer anneal would not adversely affect these properties. 
The chances are it would improve them. 

“Our final recommendations, therefore, follow: 

“1. With present practice and on basis of similar costs, we can find no 
outstanding advantage to either the centrifugally cast or the sand cast pipe. 

‘2. With present practice and on the basis of lower costs for the centri- 
fugally cast pipe, we favor the purchase of centrifugally cast pipe. 

‘3. If the annealing practice were modified as suggested above, we would, 
on the basis of similar costs, recommend the purchase of centrifugally cast 
pipe.”’—Abel Wolman. 
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Accounting; water works, 63 seq. 
Acidity; increase, in distribution sys- 
tem, 366 
lead solvency and, 716 
Aeration; 692 seq. aan 
aesthetic value, 699, 703 ptt 
bacterial reduction, 698, 702 wT 
bibliography,699 


history, 692 seq. Hex 
limitations, 692 seq. 
methods, 604 
mixing and, 491 
nozzle, 508, 694 
organic matter, oxidation and, 
seq. 


Chlorination; 
Iron; Taste 


see Carbon dioxide; 
Hydrogen sulfide; 
and odor 

_ Agar; see Bacteriological examination 

Agitation; aeration and, 491 
centrifugal pump and, 491 
hydraulic jump and, 425, 491 


q mechanical ; 425 seq. a 
7 Dorr, 426 


see Mixing basin 
Akron, O.; main leakage, specifica- 
tions, 646 
metering, 645 
ss. water unaccounted for, 645 
Algae; chlorination and, 548 se 
copper sulfate and, 441, 520 
filter runs and, 520 
7 odor and, chlorination and, 439, 441 
7 taste and, 698 
see Microérganisms 
Alkalinity; coagulation, 
and, 529 
fish and, 315 seq. 
lead solvency and, 716,721 


reduction 


lumina; see Coagulation aw 
Aluminum sulfate; manufacture; 


cost, 499 

piping for, 490 

see Coagulation 

Amarillo, Tex.; wells, air made, 326 
American Engineering Standards 

Committee; pipe flanges and fit- 

tings, report, 610 seq. 

American Glue Co.; Dorr agitator, 


tant Hon A 
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Ammonia, 


Lowe 


American Water Works Association; 


committee, water analysis, report, 

553 seq. 

manual, discussion, 210 seq., 253, 
323 seq., 428 seq., 592 seq., 613, 
760 seq. 

meetings, regional, 613 

publications, index of, 210 

see lowa Section; North Carolina 
Section; Society affairs; Etc. 

albuminoid; determina- 
tion, accuracy, 563 
significance, 433 seq. 

Ammonia still waste; 
coke works waste 

Aniline; see Chlorination 

Anisole; chlorination taste and, 551 

Antibiosis; see B. coli test 

Aqueduct; "Roman, 665, 692 

Appleton, Wis.; - aeration, taste and, 
697 

Arkansas, River; sedimentation stud- 
ies, 285 seq. 

Asbury Park, N. J.; 

695 


see Gas and 


iron removal, 


Bacteria, colon group; 
culture, stock, media for, 82 
differentiation; bibliography, 
cellobiose, 80 seq. 
citrate; 78 seq., 184 
solid medium, 79 seq. f 
cyanide citrate plate medium, 


92 


182 seq 
cyanide 1 plate medium, 
1 
Harder’s agar, 79 seq. _ 
indol, 80 


methyl red, 78 seq. 
tests, correlation with survey, 
78 seq. 
uric acid, 79 
V-P., 78 seq. 
motility determination, 
82 seq. 
Bacteria, iron-depositing; taste and, 
698 
see Crenothrix 
Bacteria, spore-forming; significance, 
556 
see Bact. coli test 


medium, 
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Bacterial count; agar, 37°C.; aera- filter; bottom, wooden, 494 
tion and, 698 sand data, recording, 405 seq. 
limit, treated waters, 70 lime treatment for corrosion, 370 
significance, 70 meter under-registration, 650 
sunlight and, 698 a purification plant reports, 402 seq. 


significance, 434 
Bacteriological examination; 
washing, value, 185 
frequency, desirable, 536 seq. 
sampling, hydrants, contamina- 
tion and, 211 
see Bact. coli test 
Bacterium acidi-lactici; reactions, 89 
Bacterium aerogenes; B. coli over- 
growth and, 571 
significance, 74 
see Bacteria, colon group 
Bacterium coli; chlorination and, 440 
identification, 74 seq. 
overgrowth by B. aerogenes, 571 
significance, 74 seq., 
storage and, 741 seq. 
see Bacteria, colon group 
Bacterium coli test; bibliography, 
76 seq., 191 seq. 
calculation; accuracy, 434 
_ index vs. most probable number, 


733 seq. 
confirmation; bile and, 558 
brilliant green bile, 553 seq. 
9 


agar, 


Endo, 191 


Eosine methylene blue agar, 74, 
191 


erythrosine methylene blue brom 
cresol agar, 559 
plate count; cyanide citrate; 182 
seq., 733 seq. 
fecaltypesand, 182 
presumptive; 71 seq. plain 
bile and; 184, 555 seq. 
pH and, 555 
brilliant green bile; 73 seq., 
553 seq. 
in parallel with broth, 558 
gentian violet broth, 72 seq., 184 
spore-formers and, 72 seq. 
_—- and, 72 seq., 190 seq., 


184, 


spore-formers and, 556 
7 standard method; accuracy, 190 seq. 
antibiosis and, 190, 744 
Cl. welchii and, 192, 729 seq. 
pH and, 555, 729 seq. 
Bacterium communior; reactions, 89 
Bacterium coscoroba; reactions, 89 
Bacterium neopolitanum; reactions, 
89 
Bacterium typhosum; differentiation 
from colon, cyanide-tartrate, 184 
Baltimore, Md.; aerobic spore-form- 
ers, 76 


sedimentation experiments, 491 
services, copper, 387 seq. 
water composition, 314 
water unaccounted for, 646 
Bay City, Mich.; hydraulic jump, 
mixing and, 491 
Benton Harbor, Mich. ; 
695 
Biddeford and Saco Water Co.; 
removal, 420 seq. 
Bile; see Bacterium coli test 
Billing: continuous, Rochester, N. Y. 
250 
Menasha, Wis., 67 seq. 
Birmingham, Eng.; lead solvency, 
lime treatment and, 721 
Bleaching powder; chlorine free and, 


iron removal, 


color 


sludge, chlorine loss in, 438 
Bloomington, Ind.; aeration, 
and, 697 
Boiler; blow-down; continuous; 443 
heat loss, reducing, 581 seq. 
control; automatic, 584 seq. 
tests, 583 
feed water; committee reports, 574 
seq. 
treatment, zeolite, 443 
fire tube, rating, operating above, 
763 seq. 
steam moisture, excessive, elimin- 
ating; 579 seq. 
blow-down, continuous, and, 581 
seq. 
deconcentrator system; 580 seq. 


taste 


advantages and disadvan- 
tages, 581 
sodium salts, suspended matter 
and, 581 
stabilizer system; 581 seq. 
advantages and disadvan- 
tages, 582 


stoker and, 764 
water, sampling, 583 


water tube, rating, operating 
above, 764 
see Book reviews; Railroad 


Book reviews; Boiler Feed Water 
Purification, 95 seq. 
The Microscopy of Bichskine Water, 
93 seq. 
Boston, Mass.; microscopic examina- 
tion, 415 
typhoid, 435 
Brilliant green; see B. coli test 
Brockton, Mass.; color, 417 
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Bromide; phenol taste and, 771 

Buffalo, N. Y.; meter under-registra- 
tion, 650 

Buffer solution; for permanent pH 
standards, 201 

Bull Run; iodine content, 207 


Calcium carbonate; saturation equi- 
librium; 371 
determination, 371 
see Lime treatment; Softening 
Calcium hypochlorite; see Bleaching 
powder 
California; cross-connections; prac- 
tice; regulations, 121 seq. 
Cannery waste; treatment, study, 431 
Capitol City Water Co.; sedimenta- 
tion; Dorr clarifier, 296 seq. 
studies, 285 seq. 
Carbon dioxide; boiler pitting and, 
700 
determination, committee report, 
590 
fish and, 315 seq. 
lead solvency and, 715 seq. 
removal; aeration, 693 seq., 721 — 
methods, tests of, 694 
soda ash and, 721 
Carbonation; plant, new, 509 
taste and, 697 Pha 
Carp; temperature and, 321 
Cedar Point, Ill.; water; analysis, 720 
lead solvency, 720 
Cellobiose; see Bacteria, colon group 
Champaign, IIl.; lead poisoning case, 
714 seq. 
Champaign and Urbana Water Co.; 
filtration, Crenothrix and; 522 seq. 
prechlorination and, 523 
iron removal, 522 seq., 695 
red worms, 525 
Charleston, 8S. C.: elevated tank, 354 
Charlotte, N. Y.; see Rochester and 
Lake Ontario Water Co. 
Check valve; see Valve 
Chemical; transport, belt conveyor, 


Chemical feed; pressure filters, in- 
iector method, 533 
see Lime treatment 


Chenoa, Ill.; water analysis; lead 
720 
Chicago, IIl.; consumption, 7, 646 


distribution system, 1 seq. 

leakage; 25 seq. j 
underground, 644,646 

meter; testing, 30 seq. in 
under-registration, 650 


tering, 646 


pressure control, 23 seq. 

pumping station sites, selecting, 
11 seq. 

rates, commercial, 30 

water supply history, 1 seq. 

Chicago and Alton Railroad; corro- 
sion, electro-chemical polarization 
and, 707 seq. 

Chicago Sanitary District: lake level 
controversy, 36 seq. “Lae 
sewage treatment, 40 seq. 

Chironomus; see Worms 

Chloramine; formation, theory, 438 
see Chlorination 

Chlorides; lead solvency and, 716, 
719 seq. 
significance, 324 

Chlorination; algae and, 548 seq. 
algae odors and, 439, 441 
B. coli and, 440 hid 
chloramine; 549 seq. 

dosage and, 439 
history, 549 
chloros, 546 
coagulation and; 424 seq., 548 
color removal and, 424 seq. 
control, 439 seq. 
corrosion and, 439 
dechlorination; 439 
aeration, 440, 697,702 
sulfur dioxide; 551 
pressure, maintaining, 552 
history, 546, 
hydrogen sulfide and, 696 
of mains, 549 
oxygen absorption and, 569 
prechlorination; 424 seq., 526, 54 
seq. 
color removal, 439 
Crenothrix and, 523, 549 
filter runs and, 441, 523, 549 ; 
filtration and, 548 
residual required, 440 
safety factor, 769 
sodium hypochlorite and, 546 
superchlorination, algae taste and, 


049, 697 
taste and odor; aeration and, 698 
algae and, 439 
ammonia-chlorine and, 550, 597 
seq. 
aniline, concentration and, 561 


‘ seq. 
anisole and, 551 
bromophenol and, 771 


cresol and; 551 
l concentration and, 561 seq. 
superchlorination and, 439 
iodophenol and, 771 
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measurement, 605 seq. 
phenol; concentration and, 561, 
597 


permanganate and, 532 
superchlorination and; 
950, 597, 771 
prechiorination and, 552 
temperature and, 552 
xylenol and, 551 
theory, 438, 546 
worms and, 549 
see Chloramine: Chloros 
Chlorine; bromine content, 771 
Chlorine, free, determination, o0-toli- 
din; 554 
7 colors produced, 440, 554 
committee report, 562 seq. 
reagent, amount required, 440 


sunlight and, 552 a 


439, 


time of contact, 440, 552 

turbidity and, 440 

Chloros; composition, 546 

see Chlorination 

Cineinnati, O.; 
644 


metering, 646 
spore-formers, 76 


water unaccounted for, 646 
Citrate; see Bacteria, colon group 
Clackamas River; iodine content, 207 
Clarifier; Dorr; cost, 510 

sludge density and, 300 seq. 

sludge discharge, control, 303 seq. 
see Sedimentation basin; Softening 
Tex.; Diesel engine drive, 


Cleveland, O.; consumption, 454 
hydraulic jump, mixing and, 491 
meter slippage, 454 
metering, 646 
prechlorination, 424 
pump slippage, 454 
pumping station, auxiliaries, drive, 

water power, 447 
water, gratuitous, 454 seq. 
water unaccounted for, 646 

— Clostridium welchii; see B. coli test 

_ Coagulation; acid with alum, 424 

agitation and, 425 seq., 491, 663 

alkalinity reduction, 529 

alum and sodium aluminate; 369 seq. 
residual alum and, 370 

chlorination and, 424 seq., 548 

clarification curve, 295 seq. 

dosage required: determination, 
sedimentation tests, 307 seq. 
pre-sedimentation and, 304 seq. 
turbidity and, 306 seq. 

double, 310 seq., 359 

hardness increase, 529 
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leakage, underground, | 


H-ion concentration and, + 

lime, interference and, 360, 

residual alumina; 424, 548 ; 

after-precipitation with lime, 370 
amount, 548 


estimating, 


Rochester and L. Ontario Water 
sedimentation, pre-, value, 304 seq. — 
in storage reservoirs, 440 seq. 
sulfate and, 306 
Coagulation basin; size, pump capac- | 
ity required and, 352 
Spartanburg, S. C., 514 
Coke plant; see Gas and coke works 
Color; nature of, 416 
reservoirs, new, and, 417 seq. 
chlorination and, 439 
coagulation and; 420 seq. 
agitation and, 426 
and, 441 
H-ion concentration and, 424 
prechlorination and, 424 seq. 
sulfite liquor and, 422 seq. 
loaded, and, 420 
kataphoresis and, 416 seq. 
storage and; 417 seq., 693 
Columbus, O.; softening; 614 
lime- soda, sludge addition and, 
507 
Committee reports; standard meth- 
ods of water analysis, 553 seq. 
Complaints; handling, 272 
water-cement. ratio, 193 seq. 
mixing time; control, 197 
quality and, 197 
water-tight, producing, 193 seq. 
see Reservoir; Settling basin 
Conflagration; Crisfield, Md., 773 seq. 
water supply and, 772 seq. 
Consumption; Chicago, 7, 646 
classifying, 641 seq. 
domestic, unmetered, 
652 
Fostoria, O., 504 
Harrisburg, Pa., 359 
Kenosha, Wis., 276 RAs 
metering and, 485 


Co., 526 seq. 
see Color removal 4 
see Sedimentation basin 
Color removal; 416 seq. 
floc re-solution, 426 
filtration, slow sand, and; 420 
iron and, 419 seq. 
lime-zeolite, 441 
Concrete; control; methods, 193 seq. : 2 
strength, curing and, 198 
Fall River, Mass., 772 seq. 
Cleveland, 454 
future, estimating, 275seq. 
Michigan City, Ind., 683, 689 ee 
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New Orleans, 646 
. New York City, 646 
recorder, 31 
Spartanburg, S. C., NETS 
Haute, Ind., 652 
Washington, D. C., 485, 647 
Copper; in water; amount permis- 
sible, 433 
copper pipe and, 388 
: determination, colorimetric, 724 
see Pipe, copper; Services 
Copper sulfate treatment; algae con- 
trol and, 441, 520 
nannoplankton and, 413 
residual’? copper and, 438 
sand filtration and, 549 
oe transparency tests and, 413 
Corrosion; loss, America’s annual, 704 
prevention, 724 
see Corrosiveness; Distribution sys- 
tem; Electrolysis; Iron; Pipe; 
Railroad 
Corrosiveness; measure of, oxygen 
reduction as, 362 seq., 370 
redwater;lime-silicate treatment,373 
lime treatment; 358 seq. 
7 control; alkalinity and, 369 
seq. 
7 _ pH and, 362, 369 seq. 
cost, 366 
extent necessary, 372 
protective film formation, 
361 seq. 
value, economic, 366. 
prevention, 724 
sodium silicate treatment and, 
373 
Corsicana, Tex.; Diesel engine drive, 


4 


Cost; forecasting future prices, 48 
seq. 
Cuaktinin: filtration and; 522 seq. 
chlorination and, 523, 549 
see Bacteria, iron depositing 
Cresol; see Chlorination 
Crisfield, Md.; conflagration, 773 seq. 
Cross-connections; check valves, un- 
reliability, 124 
elimination, 123 seq., 126 seq., 128 
flow, indicator arrangement, 129 
regulations, California, 121 seq. 
Current meter, Price; accuracy; sim- 
plified, 399 


Dallas, Tex.; taste and odor, super- 
chlorination and, 697 

Danforth, Ill.; water analysis; lead 

solveney, 720 
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Decatur, Ill.; water analysis; lead 
solvency, 720 
Dechlorination; see Chlorination 
— O.; carbonation, taste and, 
9 
Demand; see Consumption 
Depreciation; estimating; 51 seq., 61 
seq. 
life tables, criticism, 52 seq. 
valuation and, 46 seq., 51 seq. 
Detroit, Mich.; elevated tanks, 353 
pitometer survey, 644 
Deventer; lead content, lime treat- 
ment and, 721 
Distilled water; pH, 201 
glass container and, 206 
Distribution system; acidity increase 
in, 366 
corrosion; chlorination and, 439 
measure of, oxygen reduction, 
362 seq., 370 
extension design; 7 seq. 
pitometer survey and, 7 seq. 
fire protection requirements; 164 
seq. 
gate valve distribution, 167 _ 
flow tests; method, 542 seq.,678 
value, 677 seq. 
hardness changes, 366 seq. 
H-ion concentration changes, 369 
reinforcing, pitometer survey and, 
274 seq. 
sanitary defects, 538 
supply, new, adapting to, 131 seq. 
valves, pressure reducing, 138 
see Corrosiveness; Leakage; Main; 
Pipe 


East Bay Water Co.; copper sulfate 
treatment, 413 
cross-connections, 123 seq. 

East Orange, N. J.; water level 
recorder, 395 

Electric power; see Hydro-electric 
plant 

Electrolysis; ampere-hour 
lent, 705 
law of, 705 
see Services 


equiva- 


Endo medium; see B. coli test 

Engine, Diesel ; cost, 384.seq. 
fuel consumption, 383 seq. aol 
installations, 384 seq. 
operating costs, 384 seq. ‘ie 


pump drive, 382 seq. 
size; efficiency and, 383 
standard, 382 seq. : 
see Engine, oil; Pumping station 
Engine, gas; gas cost, economic limit, 
658 
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Engine, oils load and,350 
operating cost, 384. 
pump drive, 384 
see Engine, Diceel 
Eosine methylene blue agar; see B. 


coli test 
Erythrosine methylene blue brom 
cresol purple agar; see B. coli test 
Escherichia coli; see Bacterium coli 
Essex, Ont.; chlorination, hydrogen 
sulfide and, 696 
Evaporation: 251 
record, long, 251 


9) 


Fall River, Mass.; conflagration, 772 
seq. 
water gratuitous, 453 
Far Rockaway, N. Y.; 
695 
Farmers Land and Canal Co.; Diesel 
engine drive, 386 
Filtration; capacity required, stor- 
age and, 352 
non-submerged filters, 692 
Filtration, pressure; chemical appli- 
cation, injector method, 533 
purification effected, 527 seq. 
Filtration, rapid sand; capacity, stor- 
age and, 656 seq. 
loading ‘studies, 441 
plant; 359 
new, 483 seq., 506 seq., 514 
small, design; 653 seq. 
meter and, 661 seq. 
rate controller, 661 
runs, short; algae, copper sulfate 
and, 520 
Crenothrix and; 522 seq. 
prechlorination and, 523 
sand; data recording; 405° seq. 
effective size, value, 407 
lime deposits, 407 
strainer system, wooden slat, 492 
seq. 
underdrains, perforated pipe; cor- 
rosion, 359 seq. 
history, 359 a wal 
wash water tank, 662 hy wel 
see Filtration; Iron removal — 
"wae slow sand: color removal, 


iron removal, 


loaded, color removal and, 420 

plant, 484, 491 

% runs, short; chlorination and, 549 
oe copper sulfate and, 549 

microérganisms and, 549 

Financing; budgeting and, 267 seq. 
legal decisions affecting, 43 seq. 
rate of return, 47, 50 
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salvage of materials 264 

see Accounting; Billing; Rates; 
Valuation; W ater, gratuitous 
Fire; see Conflagration 

Fire ‘engine; history, 665 seq. 

Fire hose; coupling, standard; 164, 


converting to, 164, 460, 679 seq., 
776 seq. 

value, 772 seq. 

nozzle, flow tests, 542 seq 

Fire hydrant; distribution, 167, 677 

flow tests, seq. 

requirements, 168 

sampling from, contamination and, 
9 


see Fire hose; Fire protection — 

Fire insurance; history, 666 seq. 
schedule, analytic system, 667 seq. 
sprinkler system and, 678 
water supply and, 665 seq., 774 

Fire loss; America, 155, 156 
prevention, 157 seq. 

Fire protection; 155 seq. 
charging for, hydrant 

main mileage, 676 
distribution system requirements; 
164 seq. 
gate valves, 167 
flow required, 676 seq. 
high pressure system, 249 seq. 
storage, elevated, and, 356 
water supply and; 772 seq. 
rating, 164 seq., 668 seq., 672 
water works investment ‘and, 675 

Fire protection, private; see Sprink- 
ler system 

Fire underwriters; association, 
department and, 164 seq. 
see National Board of Fire Under- 

writers 

Fish; fungus growth; oxygen and, 318 
pH and, 322 
temperature and, 321 seq. 
see Carp; Goldfish; Perch; Trout; 

White fish 

Florida Section; meeting, 775 seq. 

Flow; see Current meter; Stream 

Fort W orth, Tex.; aeration: bacterial 


rate and 


water 


removal, 698 
taste and, 696 
Fostoria, O.; ‘aeration, 508 + 


consumption, 504 

filtration, 506 seq. 

pumping station improvements, 509 
seq. 

softening plant; 503 seq. at Ts 
cost, 510 

water ‘composition, 504 


Ve 


Gas and coke works; ammonia waste, 
phenol extraction, 430 
see Pollution, Industrial waste. 
Gentian violet; see B. coli test. 
Glassware; pH ‘and, 206 
Goiter; iodine and, 207 seq 
polluted water and, 208" 
a oxygen and; temperature 
, 313 
aa treatment and, 322 
Great Lakes; levels controversy, 36 


seq. 

Greeneville, Tenn.; chlorination 
taste, ammonia and, 550 

Harder’s agar; see Bacteria, colon 
group 

Hardness; coagulation, increase and, 
529 


desirable, 614 
variations in distribution system, 


366 seq. 
Harrisburg, Pa.; coagulation, double, 
359 
lime treatment; 358seq. 


purification works, 359 
Hartford, Conn. ; color, storage and, 
418 
Hose; 
Houston, Tex.; 
and, 698 
Hume pipe; see Pipe, concrete 
Hyattsville, Md.; see Washington 
Suburban Sanitary District 
Hydrant; see Fire hy drant 
Hydraulic j jump; mixing and, 425, 491 
Hydro-electric plant; at water works; 
Spartanburg, 8. C.; 511 seq. 
power cost, 518. seq. 
Washington, D. C., 499 
Hydrogen-ion concentration; deter- 
mination, colorimetric; atmospheric 
conditions and, 201i seq. 
glass, influence of, 206 
in neutral atmosphere, 201 seq. 
standards, permanent, 201 
distilled water, 201 
fish and, 322 
glassware and, 206 
lead solvency and, 721 Hoses 
lime treatment control and, 362, 
369 seq. 
variations in distribution system, 
369 


see Fire hose 
taste, iron bacteria 


Hydrogen sulfide removal; aeration 
and, 693 seq. ” h 
air-lift and, 696 wolt 

chlorination and, 696 OR 
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Intake; freezing, 689 


Iron corrosion; theory, electro-chemi- 


Iron removal; 


Illinois; water supplies, con- 
tent, 
Indiana; ground water level lowering, 
seq. 
stream gaging, 613 
water supplies; certification, 540 
seq. 
classification, 534 seq. 
Indiana Section; meeting, 612 seq. 
Indianapolis, Ind. ; fire prevention, 


Indianapolis Water Co.; consumption 
data, 641 seq. 
fire service, 677 
meter testing, frequency, 642 
metering, 641 
rate case, 44 seq. 
reservoir. construction, 193 seq. 
water: gratuitous, 640, 642 
unaccounted for, 640, 642 
Indol; see Bacteria, "colon group 
Industrial wastes; see Cannery waste; 
Gas and coke works waste 


Rochester, N. Y., 245 seq. 


troubles, Michigan City, Ind., 
682 seq. 
well; 684 seq. 


sand catching, baffles and,685 seq. 
Iodine; content, data, 207 
goiter and, 207 seq. 
phenol tastes and, 771 
Iodine determination; committee re- 
port, 563 seq. 


McClendon method, modified, 566 
seq. 
Iodine treatment; see Sodium iodide 

treatment 


Iodization; see Sodium iodide treat- 
ment rol 
Iowa; stream gaging, 213 be 
Iowa Section; meeting, 209 seq. best 

territory, extension, 214 
Iron; color removal by storage and, 

419 seq. 

concentration, limit and, 593, 698 


wells and, increase and, 592 seq. 
see Pipe, iron 


cal, 705 seq. 
see Pipe, iron 
723 
aeration and filtration; 522 seq., 
656, 694 seq. 
air wash and, 524 
trays containing porous material, 
700 
Anderson process, 695 
iron sludge and, 695 
plants, 695 
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Jefferson City, Mo.; 
Water Co 

Jefferson Drainage District; Diesel 
engine drive, 385 


see ‘Capitol City 


Kansas City, Kans.; sedimentation 
studies, 285 seq. 

Kansas City, Mo.; metering, 646 
sedimentation studies, 285 seq. 
water; gratuitous, 646 

unaccounted for, 646 

Keighley, Eng.; lead solvency, soda 
ash and, 721 
water works, 722 

Kenosha, Wis.; consumption, 276 
distribution system survey, 274 

seq. 

Kentucky-Tennessee Section; 
ing, 458 seq. 


meet- 


Knoxville, Tenn.; water works or- 
ganization, 265 seq. 

Landrum, S. C.; rainfall, 513, 515 

LaPorte, Ind.; Diesel engine drive, 
384 


Lawrence, Mass.; mixing tank, 426 
Lead; erosion; 716 seq. 
protective coating 
and, 720 seq. 
solvency; acids, organic and, 716 
alkalinity and, 716, 721 
bibliography, 722 seq. 
carbon dioxide and, 715 seq. 
chlorides and, 716, 719 seq. 
H-ion concentration and, 721 
nitrates and, 716 
nitrites and, 716 
oxygen and, 716 seq. 
prevention methods, 721 
in water, amount permissible, 433, 
715 seq. 
Lead determination; 717 seq., 723 seq. 
colorimetric, 718 
spectroscopic, 718 
Lead poisoning; bibliography, 722 seq. 
lead concentration and, 716 
lead pipe and, 714 seq. 
see Lead 
Leakage, underground; 25 seq. 
detection, 26 seq., 
extent, data, 29, 644 seq. 
locating, pitometer survey and 
644 seq. 
pipe lengths, 18-ft., and, 645 
see Waste; Water unaccounted for 
Leroy, O.; ; iron removal, 695 
Level; recorder, 395 seq 
Lime; insoluble, low, 372 
Lime’ treatment; coagulation and, 
360, 369, 372 


formation 
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control; alkalinity ond, 369 seq. 
pH and, 362, 369 seq. 
corrosiveness and; 358 seq. 
cost, 366 
extent necessary, 372 


protective film formation, 361 
seq. 
sodium silicate and, 373 
value, economic, 366 
feed apparatus, 360 seq. 
lead solvency and, 721 
quicklime and, 372 ta 
Eng.; chlorination, early, 
Little Rock, Ark.; sedimentation 
studies, 285 seq 
London, Eng.; worms 


and, 549 
color, storage and, 417 
prechlorination, 547 

Los Angeles, Cal.; cross-connections. 
126 seq. 

Lowell, Mass.; aeration, carbon diox- 
ide and, lead content and, 721 
iron removal, 695, 723 rein 
lead poisoning, 715 ai 
manganese removal, 723 


Magdeburg, Ger.; aeration, 692 
Main; construction, power driven 
equipment, 21 
corrosion, extent, estimating, 54, 57 
leakage specifications, 644, 646 
sterilization, 23, 549 
tapping, power ’machine, 22 
see Distribution system; Leakage; 
Pipe 
Manganese; amount, permissible, 593 
removal, 723 
Marin Municipal Water District; 
steel tank construction, 377 seq. 
Marshfield, Ore.; iodine content, 207 
Massachusetts; thyroid enlargement, 
endemic, 207 
Memphis, Tenn.; aeration, 694 
Menasha, Wis.; billing, 67 seq. 
Mendota Lake; plankton studies, 
415 
Meter; accuracy; required, 392 seq. 
size and, 31 seq. 


slippage, 454 
under- — extent, 647 
aa seq., 65 
reduction, economic limit, 
641 
cost, 661 seq. 
damage, charging for, 394 
flow recording, cost,662 | 
life, 392 
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Mixing basin; 


maintenance; cost, 393 seq. 


system, 392 seq. 


testing; frequency, statistics, 642, 
648 seq. 


in place; 30 seq., 393 
rate recorder and, 31 
saving effected, 
system, 392 seq. 
Metering; consumption and, 485 
extent, various cities, 645 seq. 
Indianapolis, 641: 
Rochester, N. Y., 250 
sprinkler supplies and, 149 
Terre Haute, Ind., 652 
Methyl red test; see Bacteria, colon 
roup 
Michigan City, Ind.; consumption, 


683, 689 a 
intake ; freezing, 689 
troubles, 682 seq. 

well; 684 seq. 
baffles for sand catching, 
685 seq. 


pipeline, submerged, repair, 689 seq. 
Microscopic examination; Berkefeld 
filter and, 414 
bibliography, 414 seq. 
centrifuge and, 409, 414 
committee report, 570 : 
filter paper method; 413 seq. — 
accuracy, 414 
net method; accuracy, 411 seq. 
net factor, determining, 412 


procedure, 409 seq. 
Sedgewick-Rafter; accuracy, 409, 
413 malt” 
history, 408 
sampling, 409 on 


specimens, preserving, 410 
see Book reviews 


Microseopic organism; filtration, slow 


sand, runs and, 549 


‘net plankton,” 413 
taste and odor; 413 agit: 
superchlorination and, 549 


see Algae; Copper sulfate treat- 
ment; Crenot rix 
Middleboro, Mass.; iron removal, 695 
Minneapolis, Minn. ; aerobic spore 
formers, 76 
Mississippi River; 
studies, 285 seq. 
Missouri River; sedimentation stud- 
ies, 285 seq. 
Mixing; see Agitation 
baffled; 


sedimentation 


around the 
end, 490 seq. 
over and 514 
circular, tangential inlet, 26 
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_ Nitrate; lead solvency and, 716 


mechanical; 425 seq., 508 seq. : 
vs. baffled, 426, 663 ' 

Montana; fire hose coupling stand- 

ardization, 776 seq 
Montana Section; coiiidoias 776 seq. 
Motility; see Bacteria, colon group : 
Mount Sterling, IIl.; water analysis; ' 

lead solvency, 720 ; 


National Board of Fire Underwriters: _ 
grading schedule, 668 seq., 672 7 
history, 667 
thread, standard, 164 

New Britain, Conn.; 
drive, 385 

New Orleans, La.; consumption, 646 
metering, 646 
sedimentation studies, 285 seq. 
water unaccounted for, 646 

New Rochelle, Water Co.: distribu-- 
tion system, new supply and, 131 
seq. 

New York City; chlorination; chlora-— 
mine and, 439 


Diesel engine 


& 


residual required, 440 ian 
coagulation, 440 seq. wns 
consumption, 646 


iodine content, 207 
leakage, 647 
meter; ownership, 650 
under-registration, 647, 650 
metering, 646 
sedimentation tests, 437 
taste, microdérganisms, 
tion and, 549 
typhoid, water and, 435 ; 
water; gratuitous, 647 
unaccounted for, 646 seq. 
New York State; "hydrant thread 
standardization, 164 
Newport News, Va.: ; algae, chlorina- — 
tion and, 549 
Niagara River; falls, 
and, 693 


chlorina- 


purification 


Nitrite; lead solvency and, 716 

Nitrogen; determinations, 563 
see Ammonia ; 

Norfolk, Va.; filtration, results, 21 
seq. 


prechlorination, 421 
Norris, Ill.; water analysis; lead — 
solvenc , 720 7 
North Carolina Section; meeting, 
329 seq. 


Oakland, Cal.; mixing basin, 425 

Odor; algae, chlorination and, 441 
removal, aeration and, 440, 508 
see Chlorination; Taste and odor 
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Ohio; softening, 614 
Ohio River; phenol waste control, 
430, 460 
pollution and natural purification, 
415 
Ohio Valley Water Co.; softening, 503 
Oil waste; taste and odor, aeration 
and, 697 
Omaha, Neb.; 
and, 306 seq. 
sedimentation studies, 285 seq. 
Oregon; goiter; iodine and, 207 seq. 
water supply quality and, 208 
Oregon City, Ore.; goiter, iodine 
and, 207 seq. 
water supply, 207 seq. 
Organic matter; aeration and, 692 seq. 
Ottawa, Ont.; chloramine treatment, 
549 
Oxygen demand; 
569 
of polluted waters, 731 seq. 
of sewage, per capita, 732 
Oxygen demand determination; com- 
mittee report, 567 seq. 
diluting water and, 567 seq. 
Oxygen dissolved; boiler pitting and, 
701 seq. 
fish and, 313 seq. 
lead solvency and, 716 seq. 
reduction, as measure of corrosion, 
362 seq. 
taste, earthy, and, 696 
Oxygen dissolved determination; elec- 
trode method, 588 seq. 
sampling and: 588 seq. 
oil film and, 588 
Winkler; accuracy, 588 seq. 
Rideal-Stewart modification, 590 
Oxygen removal; see Railroad supplies 


coagulation, turbidity 


chlorination and, 


Panama Canal Zone; lead ‘solvency, 


alkalinity and, 721 

mixing, 491 

water supplies, 723 
Paper waste; sulfite, interference 


with color removal, 422 seq. 
Pasadena, Cal.; cross-connections, 
eliminating, 128 seq. 
Perch; spawn mortality; 
water and, 316 seq. 
carbon dioxide and, 316 seq. 
study of, 316 seq. 
Permanganate; see Potassium per- 
manganate 
Phenol; destruction, 
perature and, 552 
taste and odor, aeration and, 697 
see Chlorination; Gas and coke 
works waste 


alkaline 


biological, tem- 
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Phenol determination; committee re- 
port, 561 
distillation, recovery, 602 seq. 
Folin-Denis, not specific, 562, 598 
Fox-Gauge, not specific, 598 
Gibbs method; 598 seq. 
sensitivity, 599, 604 
halogen and ferric chloride methods, 
sensitivity, 562 
Millon reagent, 562 
taste test, 605 seq., 771 
Philadelphia, Pa.; pitometer survey, 


Pipe; cutting machine, 21 seq. 
flanges and fittings, committee re- 
port, 610 seq. 
lengths, 18-ft., leakage and, 645 
line, submerged, repair, 689 seq. 
surface, capacity and, 180 seq. 
Pipe, cast iron; corrosion, chlorina- 
tion and, 439 
life, 3 seq., 54 
line, leakage tests, 516 seq. 
strength; melt temperature and, 
756 
phosphorous and, 747 seq. 
testing methods, 748 seq. 


Pipe coating; see Lime treatment; 
Pipe, steel 
Pipe, concrete; centrifugally cast 


(Hume); 173 seq. 
breakage, 178 
fabrication, 176 seq. 
tests; flow, 174, 180 
pressure, 176, 179 
surface, capacity and, 180 seq. 
Pipe, copper; water, action on, 723 
galvanized; zine poisoning 


Pipe, iron; corrosion, negative ions 
and, 367° 
Pipe, lead; history, 714 
use in U, S., 714 
see Lead; Lead poisoning 
Pipe, steel; line; coatings, 
maintenance ‘cost, 246 
repairing, pine. plu s and, 246 
Pipe, wood; early, in C icago, 2 seq. 
Pipe, wrought i iron; line, maintenance 
cost, 245 
see Services 
Pitometer; see Distribution system 
Plankton; see Microscopic 
Plumbism; see Lead poisoning 
Pollution; oxygen demand and, 731 


246 seq. 


seq. 

Pollution, industrial wastes; oil, taste, 
aeration and, 697 
control, coéperative state, 
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legislation, resolution re, 460 seq. 
taste, aeration and, 697 
Pollution, stream; biochemistry of, 
732 
interstate agreements, 430 
Portland, Ore.; goiter, 208 
iodine content, 207 
Potassium permanganate; treatment, 
chlorophenol taste and, 532 
Potomac River; analytical data, 484 
pollution investigation, 415 
Poughkeepsie, N. Y.; aeration, 440 
Pressure; control, Chicago, 23 seq. 
reducing valves, 138 
Providence, R. I1.; aeration, 440 
Provincetown, Mass.; iodine content; 
goiter, 207 
Public relations; good will, 
ing, 271 seq. 
see Complaints 
Pump; cross-compound; 509 seq. 
cost, 510 
low service; 509 
cost, 510 
selection, 350 seq. 
slippage, 454 
sprinkler supply and, 151 seq. © 
water works, history, 348 seq. 
see Engine, Diesel 
Pump, air-lift; hydrogen sulfide re- 
moval and, 696 
Pump, centrifugal; discharge, vary- 
ing, 349 seq. 
4 drive, electric; 495 seq., 515 seq. 
advantages, "448 seq. 
automatic operation, 450 
motor, svnchronous vs. induction, 
costs, 351 
as mixing device, 491 
priming, ejector and, 516 
Pump, reciprocating; slip extent, 643 
water hammer, elevated tank and, 


=. 


356 
Pumping cost; elevated storage and, 
351 seq. 
Pumping station; drive; choice, 446 
Diesel, 
electric; 446 
advantages, 446, 448 seq. 
disadvantages, 
reliability; 446, 773 
transmission lines, dual, 
and, 449 seq. 
steam; 446 


auxiliaries, drive, 447 
economy, size and, 446 ; 
equipment, selection; 445 seq. ra 
__ old stations and, 447 seq. 
_ header pipes, 17 seq. 
location, determining, 11 seq. 
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. Rahway, N. J.; aeration, 440 


promot- 


a 


Rochester, 


low lift, capacity, coagulation basin 
size and, 

sanitary defects, 540 

valve control, electric, 20 


Washington, C., 495 seq. 
see Engine, ‘Diesel; ’ Engine, oil 
Purification; plant reports, stand-— 


ardization, 402 seq. 

self-, biochemistry of, 732 

see Aeration; Chlorination; Filtra- 
tion; etc. 


Railroad; locomotives, number in 
U.S8., 707 

Railroad supplies; loss, 
annual, in U. S., 


pitting; carbon dioxide and, 700 
oxygen and, 701 seq 
prevention, po- 
larization; 704 seq. 
cost, 711 
foaming, blow down and, 585 seq. 
oxygen removal, feed water heater 
and, 701 
Rates; commercial, Chicago, 30 
fixing, law and, 43 seq 
Indianapolis Water Co. case, 44 seq. 
service charge, advisability, 765 
water unaccounted for, 639 
Reading, Mass.; iron removal, 695 
Records; maintaining, 264 seq. 
Red water; see Corrosion; Corrosive- 
ness 
Report; see Purification 
Reservoir; concrete ; 494 seq. 
construction, control 
193 seq. 
concrete-lined, waterproofing, 248 
evaporation; measuring, 251 
record, long, 251 
new, color and, 417 seq. : 
raw and filtered adjoining, 497 seq. 
worms, red, eliminating, 525 
see Concrete; Sedimentation; Stor- 
age; Tank’ 
Riverside, Cal.; concrete pipe, cen- 
trifugal, 173 seq. 
billing, 250 


wily 


methods, 


consumption, 252 
evaporation records, 251 
high pressure system, 249 seq. 
meter; maintainence and testing; 
392 seq. 
cost, 393 seq. ; 
under-registration, 650 
metering, 250 4 
sodium iodide treatment, 251 
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Rochester and Lake Ontarior Water 


Co.; filtration, pressure, 526 seq. 
phenol taste, permanganate and, 


prechlorination, 526 
water supply, 239 

Rome; ancient, water supply, 665, 
692, 714 


Sacramento, Cal.; aeration, 694 
prechlorination, 441 
Saint Clair, Lake; microérganisms, 
415 
Saint Louis, Mo.; 
studies; 285 seq. 
Dorr clarifier and, 302 seq. 
Saint Paul, Minn.; aeration; taste 
and; cost and, 697 
Salisbury, Md.; water supply, new; 774 
fire insurance and, 774 
San Francisco, Cal.; storage, distri- 
bution, 374 
tank, steel, construction, 374 seq. 
San Jose, Cal.; steel tank construc- 
tion, 380 seq. 
Sanitary survey; B. coli differential 
tests, correlation, 78 seq. 
Seattle, Wash.; goiter, 208 
Sedimentation: particle size and, 437 
pre-; coagulation and, value, 304 
seq. 
softening and, value, 305 
sludge density and water loss dia- 
gram, 302 seq. 
tests; in deep cylinders, 298 seq. $} 
in short cylinders; 284 seq. a 
plant results, comparison, 
296 seq. 
of turbid water, studies, 284 seq. 
turbidity and; content and, 291 
seq., 298 
fineness coefficient and, 292 seq. 
see Clarifier; Coagulation 
Sedimentation basin; baffled, 491 seq. 
clarifier; 508 
tests in cylinders, comparison, 
296 seq. 
concrete; disintegration, 660 
frost protection, 660 
depth, 299 
design, small plants, 663 seq. 


see Clarifier 
Services; charging for,614 
copper; 387 seq. iy) 
copper in water and, 388 
cost, relative, 388 nate 
electrolysis, 388 
freezing, 388 fiat 


installation; driving and, 389 
ease of, 388 
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sedimentation 


specifications, 389 seq. 
laying in sewer trench, 645 
wrought iron, freezing and, 388 
see Pipe 
Sewage; oxygen demand, per capita, 
739 


Sewage treatment; water supply jand, 
435 seq. 
Silicate; see Sodium silicate 
Silver Lake; color, storage and, 417 
Sioux Falls, S. Dak.; Diesel driven 
pump, 384 
Society affairs; Florida Section, 775 
seq. 
Indiana Section, 612 seq. 
Iowa Section, 209 seq. 
Kentucky-Tennessee Section, 458 
seq. 
Montana Section, 776 seq. 
North Carolina Section, 329 seq. 
Soda ash treatment; carbon dioxide 
and; lead solvency and, 721 
Sodium hypochlorite; see ,Chlorina- 
tion 
Sodium iodide treatment; Rochester, 
N. Y., 251 
see lodine 
Sodium silicate treatment; corrosion 
and, 373 
lead solvency and, 721 
lime and, 373 
Softening; base exchange, regenera- 
tion, time and salt required, 443 
extent desirable, 614 
Be pre-sedimentation, value, 305 
_lime-soda; agitation and, 425 
plant, new; 503 seq. 
cost, 510 
sludge; handling, Dorr clarifier 


and, 507 
returning, 507 


lime-zeolite, 441 
prevalence, increasing, 503, 614 
see Boiler feed water; Carbonation 
Spartanburg, 8S. C.; consumption, 520 
copper sulfate treatment, 520 
filter plant, 514 
pipeline, leakage tests, 516 seq. 
pumping equipment, 515 seq. 
rainfall, 513, 515 
water works and hydro-electric 
plant; 511 seq. 
power cost, 518 seq. 
Sprinkler system; 161 seq. 
heads opening during fire, average 
number, 153 
insurance rates and, 678 
piping, 152 seq. 
services, metering, 149 
value, 678, 773 | 
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water supply for; 147 seq. 
municipal and, 148 seq. 
pumps, auxiliary, 151 seq. 
requirements, 147 seq. 
tank, elevated and; 149 seq. 
tank, 
Stanford, Cal.; iodine content, 207 
Stoker; see Boiler 
Storage; B. coli and, 741 seq. 
color; 693 
removal; 417 seq. 
iron and, 419 seq. 
elevated; 347 seq. 
fire protection and, 356 
location, 349, 353 
pumping costs and, 351 seq. 
filter capacity and, 352, 656 seq. 
ratio, of lakes, ete., 417 
see Reservoir; Tank 
Stream; flow records, value, 396 seq. 
gaging; recorder, housing and well, 
398 seq. 
small streams; 400 seq. 
ice and, 400 seq. 
station location, 397 seq. 
rating curve, development, 399 seq. 
see Current meter; Level 
Stronghurst, Ill.; water analysis; 
lead solvency, 720 
Sulfate determination; gravimetric, 
accuracy, 607 
photometric, 583 
volumetric; 607 seq. 
Wildenstein, 607 seq. 
Sulfur dioxide; dechlorination; 551 
pressure, maintaining, 552 


Sunlight; bacterial count and, 698 
Swimming pool; aeration, aesthetic 
value, 699 

Symbiosis; B. coli test and, 72 

Synergism; see B. coli test a 

Tacoma, Wash.; goiter,208 

Tank; elevated; 347 seq. 
cost, 352 seq. dod 


design, 353 seq. 
flow control, 353 seq. 
foundation settlement, 354 seq. 
ice and, 355 seq. 
size, record, 353 seq. 
steel; bottom; concrete; 375 seq. 
cost, 377 
steel, deterioration, 375 
i construction; 374 seq. 
rivet spacing, 378 
cost, 380 seq. 
Taste and odor; algae and, 698 
carbonation and, 647 
earthy; aeration and filtration and, 
696 


_ oxygen deficiency and, 696 
iron bacteria and, 698 


vores 
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i 
palatability, aeration and, 703 


ressure, 150 seq. 


bidi Baylis, 561 


tilities;’ 


microérganisms and, 413 


oil waste, aeration and, 697 r 


phenol, aeration and, 697 
removal, aeration and, 693 seq., 697 _ 
superchlorination and, 697 
see Chlorination; Odor 
Taxation; of municipally owned — 
water works, 269 
Temperature; desirable, 429 
Terre Haute, Ind.; consumption, 652 _ 
meter under- -registration, 652 
metering, 652 
Texas; aeration, 698 
Thread; see Fire hose 
Tin; water, action on, 723 
Toronto, Ont.; filtration, slow sand, 
short runs, 549 
prechlorination, 425, 547 seq. 
super- and dechlorination, 439, 551 
seq. 
Trout; spawn mortality; 
water and, 315 seq. 
carbon dioxide and, 315 seq. 
oxygen and, 313 seq. 
temperature. and, 313 seq. 
Turbidity; coefficient of fineness, 292 
see Sedimentation 
Turbidity determination; floc de- 
tector, 561 


alkaline 


wo Rivers, Wis.; rates case, 639 
Tyler, Tex.; aeration, bacteria and, 
698 


Typhoid; water and, 435 


Uranine; detection, dilution and, 726 
ground water tracing, 725 seq. 
health and, 728 

Uric acid; see Bacteria, colon group 

executive ‘and technical 

forces, salaries, 169 seq. 


Valuation; depreciation and; 46 seq., 

51 seq. 
reserve, excess and, 62 

as going concern, 45 seq. 
Indianapolis Water Co. case, 44 seq. 
reproduction cost, 43 seq. “al 
water rights and, ‘46 

Valve; check, unreliability, 124 
control, electric, 20 
see Distribution system 

Virginia Beach; iron removal, 695 

V oges-Proskauer reaction; see Bac- 
teria, colon group 


Washington, D. C.; alum manufac- 


ture; cost, 
consumption; 647 
metering and; population and, - 
485 


| 


filtration; rapid sand plant, new; 
483 seq. 


architecture, 500 seq. 

slow sand plant, 484, 491 
hydro-electric plant, 499 
leakage reduction, 647 aupee 
metering, 647 
pumping station, 495 seq. 
reservoir, concrete, 494 seq. | 
water; analytical data, 484 

system, 484 seq. 

Washington Suburban Sanitary Dis- 
trict; Hyattsville, lime treatment, 
369 seq. 

Waste; definition, 639 
house inspection, frequency and,647 
see Leakage 

Water analysis; for boiler purposes, 
committee report, 587 seq. 
committee report, 553 seq. 
mineral, committee report, 560 
see Bacteriological examination; 

Bacterium coli test; Microscopic 
examination 

Water, gratuitous; 269 


Cleveland, 454 seq 
extent, 453, 652 
Fall River, Mass., 453 an 


Indianapolis, 640, 642 
Kansas City, Mo., 646 
schools, public, and, 454 
Water, ground: tracing, uranine and, 
725 seq. 
see Well 
Water measurement; methods, 395 seq. 
see Current meter; Level; Stream 
Water quality; albuminoid ammonia, 
significance, 433 seq. 
bacterial count; permissible, 70 
significance, 70, 434 
: Bact. aerogenes, significance, 74 
Bact. coli, significance, 74 seq., 434 
chloride, significance, 324 
7 control, bacteriologic, 69 seq. 
copper, limit and, 433 
iron, limit and, 593, 698 
. lead, limit and, 433, 715 seq. 
manganese, limit and, 595 
standard, Treasury Dept., discus- 
sion, 433 seq. 
zine, limit and, 433 
Water rights; valuation and, 46 
Water supply; certification, Indiana, 
seq. 
istory, early, 665 
number in U. S., 445 Sites 
sanitary defects, 535 seq. 
sewage disposal and, 435 seq. 
see Fire protection 
Water unaccounted for ; 639 seq. 
definition, 639 seq. Burien 
leakage and, 644 seq. 


= 
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Watertown, N. 


meterunder-registrationand,647seq. 
pump —~ and, 643, 652 
rates and, 639 
reduction, economic limit, 641 
statistics, 640 seq. 
water gratuitous and, 652 


Water works; architecture, 500 seq. 


employees per m.g. capacity, 209 
executive and technical forces, sal- 
aries, 169 seq. 
investment, fire protection and, 675 
municipally owned; management, 
253 seq. 
organization, 256 seq. 
supplies, handling of, 263 seq. 
see Financing; Fire protection; 
Public Relations; Taxation; 
Valuation; ete. 
Y.; color removal, 
422 seq. 


Wausau; iron content, 592 seq. 
Well; ‘‘air-made’’; 325 seq. 


production increase with use, 
326 seq. 
draw down, predicting, 594 seq. 
gravel wall; 325 seq. 
production increase with use, 
326 seq. 
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SHERWOOD, 
SIMMS, 
tet 


Achlorhydria; water supply and, 113 
Acidity determination; 634 
Adelaide, S. Australia; water works; 
sewerage system, 628 
Advertisement; 632 
Aeration; 480, 637 
carbon dioxide and, 218, 637 
compressor method, cost, 631 
corrosiveness and, 631 
H-ion concentration and, aor 
hydrogen sulfide and, 
nozzle, 792 wah 
oxygen dissolved; 631 
at surface and from bubbles, 794 


pre-, 619 
swimming pool and, 791 vind? 
taste and oder and, 631 iinge 
Agitation; devices, 636 (TOA 
mechanical, 109, 462, 467 1 ew 
see Mixing uk 


Air;evolution onheating,621 
flow in pipes, 622 

Akron, N. Y.; typhoid epidemic, 228 

Akron, O.; alco-floc experiments, 467 
gas-forming organism, 467 

Alco-floc; see Coagulation 

Algae; bicarbonate and, 225 
carbonation and, 463 
— sulfate treatment and; 227, 


filter runs and, 464 ~~ 
lime and, 464 


lime-soda softening and, 463 
potassium permanganate and, 227 
sulfuric acid treatment and, 225 
see Synedra; Taste and odor 
Alkalinity; algae and, 225 
see Hardness 
Alkalinity determination; 634 
soluble, 618 
see Carbon dioxide 
Alliance, O.; pumping station im- 
provements, 104 
~~ Ill.; sewage disposal study, 
80 
Aluminum; corrosion, 232 
determination, gravimetric, 338 
Aluminum hydroxide; solubility, 338 
Amarillo, Tex.; reservoir, joints, 219 
water supply, new, 106, 343 
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II. SuBsEcTS 


A. 


“tia 
ot 


American 
drinking water committee report, 
116 

Ammonia, albuminoid; determina- 
tion, 789 

Ammonia determination; colorimeter 
for, 789 

Anemia, pernicious; water supply 
and, 113 

Aqueduct; Croton, reconstruction, 
786 
flow measurement, 102 
Rio Paulo, 345 
see Conduit; Main; Pipe 

Arch; circular, stresses, determining, 
341 

Arkansas Water Co.; flood and, 632 

Arsenic; in stream water, 227 

Athens, Greece; water supply, new, 
225 


Bacteria; count, agar, 4 days, 476 
lime treatment and, 232 
storage and, 226 
see B. coli; ete. 
Bacteria, colon group; differentia- 
citrate, value, 79 
value, 794 
methyl red, ‘value, 
value, 794 
see Bact. coli; etc. 
Bacteria, hydrogen sulfide producing; 
sand blackening and, 109 
Bacteria, manganese; Hankinization 
and, 468 
Bacteriological examination; inter- 
pretation, 117 
methods, Massachusetts Dept. of 
Health, 475 
see B. coli test 
Bacterium aerogenes; see Bacteria, 
colon group 
Bacterium coli; communis, in sewage 
water, 
ime excess and, . 
manure and, 467, 13 
storage and, 224 
see Bacteria, colon group 
Bacterium coli test; contirmation; 
litmus lactose agar, 476 


UF | 


streptococci and, 476 
index, calculation, 467 
presumptive; bile, 0.5% 
fermenter, a slow, 467 
Bacterium neapolitanus; storage and, 
224 
in water and sewage, 224 
Bacterium typhosum; in water, dis- 
appearance and, 626 
Baking; bread; chlorination and, 227 
hardness and, 337 
Barium treatment; see Boiler feed 
water treatment 
Batavia, Netherland East Indies; 
water supply, 117 
Bear Gap Water Co.; supply, 102 
Beardstown, III.; flood protection, 779 
Beatrice, Neb.;. water supply, pro- 
posed, 104 
Beggiato alba; characteristics, 618 
as pollution indicator, 618 
Bellefonte, Pa.; water works, 
Benson, Minn.; well, new, 119 
Bethel, Conn.; filter plant, new, 104 
Bethlehem, Pa.; water works history, 
99 


and, 467 


226 


Beverly Hills, Cal.; purification 
plant, 480, 792 
Bicarbonate determination; see 


Carbon dioxide 
Billing; landlord, liability and, 476 
Bitumen; nomenclature, 232 
Bleaching powder; chlorination and, 

226 
Boiler; 480 
air, preheating, 620 FUND sit 
bafiles broken, detection, 47 an) 
blow- down; continuous, 479 

control tests, 479 
blow-off valves, leak detection, 478 
combustion control, automatic, 236 
failure; embrittlement and, 231 


P plate; aging, 634 
high temperatures and, 634 
pressure, 1300 lbs., 477 = 
repair, welding and, 108 
see Evaporator 
Boiler corrosion ; 229, 231, 232, 233, 234 
acid forming salts and, 477 
ealecium chloride and, 232 
calcium nitrate and, 232 a 
carbon dioxide and, 232, 234 
chemistry of, 477 
degasification and, 478, 479 '. 
embrittlement; 231 a 
sodium carbonate and, 231 _ 
sodium hydroxide and, 231 
factors, 232 
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feed water and, 230 
firing methods, 480 ss see Railroad supplies me 
definition, 229 
Boiler scale; 231, 234 ai 


magnesium chloride and, 232, 234 

magnesium nitrate and, 232 

oxygen and, 232, 234, 636 

pitting and, 231 

prevention; oxygen removal, 234 
sodium carbonate- hydroxide 

ratio and, 234, 635 

silica and, 234 

water-level, 231 

see Boiler tube; Economizer; Steam 

Boiler feed water; 229 


condensation water, 229, 230, 234 
distilled, apparatus, 233 

oxygen recorder, 229 

salinometer, 230 

silicic acid and, 635 

tests required, 479, 634 
treatment; 230, 231, 479, 480, 634 


apparatus, 635 
deaerating, apparatus, 233 
degasification, 233, 234, 634 


electrolytic, 479 A 
filter selection, 479 } 
Filtrator system, 479 ’ 


lime-soda; 233 


oil removal, 229, 233, 478 > 
oxygen removal, 234 a 
physico-chemical, 635 
economy of, 478 


soda, hot, 635 


sodium hydroxide- phosphate, 

control, automatic, 634 7 
study, physico-chemical, 478 
thermal, 229 


zeolite, 479 
see Boiler corrosion; Boiler scale; 
Railroad supplies: Water 
Analysis 
Boiler foaming; 229 


definition, 229 


formation, determining, 478 

prevention; 234 
carbonate-sulfate ratio and, 335 
chemistry of, 232 
composition for, 233 i 
electric current and, 336 
“Etherium’’ method, 231 
Filtrator system, 478 
phosphate rock ‘‘floats’’ and, 478 
zeolite-sulfuric acid and, 230 

removal; 113 


determining, 478 
study, physico-chemical, 478 


Boiler tube; failure and corrosion, 
segregation and, 634 
steam, action, temperature and, 621 
Boiler water; mineral matter, effects, 
229 
Books, new; Bulletin No. 60 of the 
National Research Council, 235 
Comparative Tests of Six-Inch 
Cast Iron Pipes of American and 
French Manufacture, 236 
Die Mitteleuropas, 
23 
Hydraulics, 235 
L’analyse des eaux, 234 
Lubrication and Lubricants, 235 
Manual of Dehydrated Culture 
Media and Reagents, Digestive 
Ferments Co., Detroit, Mich., 237 
Manual of the Endurance of Metals 
under Repeated Stress, 235 
Metered Combustion Control, 
Manchester St. Station, United 
Electric Railways Co., Provi- 
dence, R. I., 236 
Municipal and Rural Sanitation, 
797 
Practice of Municipal Administra- 
tion, 235 
Report of the Dept. of Public 
Utilities (Cleveland), 236 
Report on Cast Iron Pipe, 798 
The Calculation and Design of 
Turbines and Water Power 
Plants, 235 
The Chemistry of Water and Sew- 
age Treatment, 481 
The Fatigue of Metals, 235 
The Municipal Year Book for 1927, 
235 
The Water Resources of Rhode 
Island, 798 
Borger, Tex.; water supply, 216 
= Mass.; high pressure system, 
470 
Metropolitan District, pumping 
stations, 624 aly 
Bradford, Eng.; filtration, 472 
Brass; see Pipe 
Bread; see Baking 
Breslau, Ger.; manganese removal, 


Bristol Dam; see Utilities Power Co. 

Bromocresol green; pH range, 616 

Bromocresol purple; pH range, 616 

Bromothymol! blue; standards, per- 
manent, 622 

Bucyrus, O.; algae control, 464 


Calcium chloride; boiler corrosion 
and, 232 
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corrosion and, 111 
Calcium determination; conductivity, 
aie. accuracy, Magnesium and, 
1 
conductivity, tartrate, 110 
Calcium hypochlorite; stability, 225 
Calcium nitrate; boiler corrosion and, 
232 
California; swimming pool regula- 
tions, 793 
Camarasa Dam; foundation, grout- 
ing, 333 
Cambridge, Mass.; filtration, 470 
Camping; sanitary precautions, 474 
water supplies; dual, 228 
treating, 474 
Canal; dam, emergency, 469 
diversion, flow regulation, 341 
irrigation, lining, concrete, econ- 
omy, 221 
see Waterway 
Canberra, Australia; water supply, 
215 
Canning waste; pea, ecotenant, lime 
and iron; 782 
cost, 782 
treatment, 466 
Cap de la Madeleine, Que.; water 
works improvements, 102 
Carbon dioxide; boiler corrosion and, 


232, 234 
chlorination and, 471 
corrosion and, 480 


in distilled water, 621 
H-ion concentration and, 113 
iron corrosion and, 112, 478 

Carbon dioxide determination; 337 
aggressive, marble method, 337 
fixed; micro, 336, 463 

volumetric, 337 
free; barium ‘hy droxide and, 337 
titration, 621 

Carbon dioxide removal; 100 
aeration, 218, 637 
vacuum process, 619 

Carbonate determination; see Carbon 
dioxide 

Carbonation; 464, 636, 637 
algae and, 463 
aluminum salts and, 463 
carbon dioxide excess and, 463, 464 
coal, powdered and, 
coke burner, improved, 467 
compressor valves, pitting, sulfur 


and, 463 
corrosiveness and, 463 = 


filter, head loss and, 463 : 
fuels for, 636 

gas, artificial, cost and, 467 
plant, new, 779 


{ 
a 
cl 
a 


Cascade Tunnel; see Great Northern 
Railroad 
Cast Iron; corrosion; calcium chlo- 
ride and, 111 
magnesium chloride and, 111 
magnesium sulfate and, 111 


rate, factors, 787 nib 
sodium chloride and, ill 
theory, 787 | 


fatigure endurance, 333 
see Iron; Pipe 
- Cellobiose; see Bacteria, colon group 
Chandler, Okla.; wells, new, 120 
Charleston, S. C.; tank elevated, 
pressure uniformity and, 631 
Chemical; transport, pneumatic, 462 
Chemical feed; 119 
control, conductivity 
781 
proportioning apparatus, 111 
railroad supplies and, 116 lave 
Chicago, Ill.; consumption, 220 
intake, new, 344 
_ intake tunnel construction, 108 
metering, universal, proposed sub- 
stitute, 220 
spring water sales, 633 
tunnels under private property, 
policy, 108 
waste reduction, 220 
water, gratuitous, 220 


apparatus, 


coagulation and, 464, 466 nal 
compounds formed, 464, 466 _ 
dechlorination, sulfur dioxide; 342 
pressure, maintaining, 343 
dosage required; 117, 618 
carbon dioxide and, 471 noe, 
pH and, 471 
electrolysis, 227 
history, 100 
H-ion concentration and, 464 
hydrogen sulfide and, 468 we 
hypochlorous acid and, 226 
plant; automatic, large; 628 
cost, 628 
number in U. S., 100 
pre-; 464, 466, 781, 792 ° 
bacterial increase and, 626 
color removal and, 470 
residual required, 471, 781 0) 
7 
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Chloramine; disinfecting power, 789 
stability, 789 

Chloride determination; 478 
see Sodium chloride san 

hlorination; 226 
aftergrowths, significance, 466 
algae and, 466 low 
ammonia and, 113 aw 
bleaching powder and, 226 | 
bread making and, 227 rink 


Coagulation; 637 J 


sodium hy pochlorite and, 112, 114 

sulfite waste and, 118 

super-, algae taste and odor and, 
627 


taste and odor; phenol and, 464, 473 7 
prechlorination and, 464 
superchlorination and; 342, 466 7 

residual chlorine and, 343 7 
temperature and, 343 

ton containers, 628 

see Chloramine; 
Swimming Pool 

Chlorine; cylinders; leakage, hand- : 
ling and, 110 : 
ton, 628 
Chlorine absorption; 617 
Chlorine determination; available in | 


powders, 794 
Chlorine, free, determination; 
o-tolidin; comparator and, 471, 795 
H-ion ‘concentration snd, and, ‘817, 


795 


Sterilisation; 


iron and, 795 
manganese and, 795 
nitrites and, 795 
reagent, hydrochloric acid con- 
tent, 795 
time required, 795 
Christchurch, New Zealand; 
wells, level, 618 
Cincinnati, O. ; coagulation, double, 
462, 465, 473 
filtration, 472 
phenol tastes, 473 
reservoir, contamination 
manure, 467, 473 
water quality, 473 
Citrate; see Bacteria, colon group 
Clarendon, Ark.; flood, water 
and, 475 
Clarifier; see Coagulation basin; Sedi- 
mentation basin; Softening 
Clay; particle size, 223 
Cle Elum; pollution ordinance up- — 
held, 791 
Cleveland, O.; coagulation study, 465 
sewage treatment, water works 7 
funds for, 465 
wash reservoir control, 105 on 
water supply, sewage disposal and, a 
465 


with 


water works, 236 
see Books, new 


haw 


alco-floc, cost, 467 
alum and acid, 224 4 
alum and sodium aluminate; 481, 
626, 629 
corrosiveness and, 626, 629 
cost, 626, 629 


825 


826 


residual alumina and, 626, 629 
aluminum chloride and, 620 
anions and, 620 
chlorination and, 464, 466 
color removal; 470, 472 an! 

pH and, 470 “4 
detention period, 465 
dosage; determination, bottle ex- 

periments, 793 

hardness and, 224 


H-ion concentration and, 224 
double; 462, 464, 465, 792 


advantages, 462, 465, 473 | 
cost, 462, 465 gail 
filter runs and, 462, 465 


wash water and, 462, 465 
experiments, laboratory, appara- 
tus, 629 
floc composition, 620 
H-ion concentration and; 481, 620 
salts and, 481, 629 
Sacramento, 480 
sodium aluminate, 470, 789 
sulfite waste and, 118 ani 
temperature and, 463 
theory, 224 
see Precipitation; Sodium alumi- 
nate 
Coagulation basin; Beverly Hills, 
Cal., 792 
clarifier (Dorr) and, 630,792 | 
Easy Bay Water Co., 109, 792 
Kansas City, Mo., 782 hi 
Lawrence, Kans., 
Sacramento, Cal.,109 | 
sludge removal, 333 
studies, 339 aye 
Wenatchie, Wash., 627 
Coal; meter, 236 
Coating; corrosion, protection and, 
232 
surface, theory, 232 
Color removal; coagulation; 470 
pH and, 470 
prechlorination and, 470 
sludge re-solution and, 470 
filtration; 619 
slow sand, 470 
storage and; 470 
iron and, 470 
Colorado; water supplies, data, 632 
Colorado River; Delta, levees, 107 
Colorimeter; sliding-gage, 789 
Columbus, O.; mixing tanks, 462 
softening; improvements, 466 
sludge, addition and, 780, 797 
Combustion; see Boiler 
Concrete; aggregate; measurement; 
fineness modulus, 105 
surface area, 105 
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water content determination, 778 
alumina, high, temperature de- 
veloped, 219 } 
calcium chloride, shrinkage and, 
785 
construction, winter, 779 
diatomite and, 334 fen 
materials, estimating, 335 
mixtures, design, 106 
porous, water flow through, 344 
quality control, 334, 335 
reinforcing, bond, determining, 217 
setting; heat changes and, 784 
temperature, winter, 108 
specimens, storing, 109 
strength; fineness modulus and, 105. 
tests, long time, 787 
water-cement ratio and, 335 
torsion tests; 221 
reinforcing and, 221 Mpeg 
wall, failure, 218 
water-cement ratio theory, criti- 
cism, 104 
waterproofing, diatomite and, 334 
see Dam; Reservoir; Sand 
Condenser; surface, tube corrosion, 
water hammer and, 231 
alum feed control and, 
8] 
hardness calculation and, 117 
sodium chloride determination and, 
786 
Conduit; masonry, brick-lined, rein- 
forcing, 217 
see Aqueduct; Main; Pipe 
Connecticut; cross-connections, 
elimination, 796 
pollution, garbage, law and, 228 
water-supplies, supervision, 477 
Consumption; Chicago, 220 he: 
Erie, Pa., 110 omen 
increasing, 480 
Richmond, Va., 476 
Copper; in water; from brass and 
copper pipe, 344 
poisonous effects, 463 
see Pipe, copper 
Copper sulfate treatment; algae and, 
227, 464 


cost, 465 
filter runs and, 464 iis 
swimming pool and, 793 thei 

Corrosiveness ; 232 
aeration and, 631 


carbonation and, 463 
oxygen and, 631 
treatment for, 470 
Corrosion; colloids and,232 
metals, non-ferrous, 221 ry 


> 
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over-voltage and, 232 

principles, fundamental, 111 
prevention; 787 

protective coatings, 232 

rate, estimating, 232 

tendency, estimating, 232 

theories, 622 

see Boiler; Cast iron; Economizer; 
Electrolysis; Heating system; 
Iron; Pipe; Steel; Turbine 

Cross-connections; check valves, 

reliability, 796 

elimination; Connecticut, 796 

“= works responsibility and, 
9 

typhoid and, 474 

Current; see Flow 

Current meter; Au, for deep wells, 

220 

investigation needed, 103 


Dakin’s solution; alkali determina- 
tion, 787 

Dallas-Warner Reservoir; see Mo- 
desto Irrigation District 

Dam; arch, analysis, trial load and, 


canal, emergency, 469 


Ambursen type, 217 
arch; construction, 333 
tests, 219, 783 
cost, estimating, 223 
gravity; arched, formula, 98 
construction, 781 
and hollow composite, 788 
hollow, 221 
and masonry, 217 
problems, 223 
and steel, collapsible, 778 
construction, cableway transport, 
786 
drainage provisions, 109 
earth; 106, 217,343,471 
failure, 779 OF 
repair, cement grouting, 101 
foundation, grouting, 333 
a over-pour energy, baffle piers and, 
342 
toe erosion, hydraulic jump and, 


see Spillway 
Deaeration; 337 
corrosion and, 118,232 
vacuum, 118 
see Boiler feed water; Degasifica- 
tion; Oxygen removal 
Dechlorination; see Chlorination 
Degasification; vacuum, 619 
see Boiler feed water; Deaeration 


Denver, Colo.; filter plant; 119 
cost, 119 bes 
operating costs, 119 

services, clearing, 797 
Des Moines, River; flood, agricultural 
drainage and, 633 
=" Mich. ; cast iron pipe report, 
coagulation basin studies, 339 
filtration, 339 
pipe cutting machine, 103 tak 
pump centrifugal ;. 106 
efficiency, record, 106, 119 
tunnel program, 786 
Diffuser; porous plates, permeability, 
determining, 107 
— water tester; total solids and, 
61 
Disease; liability and, 632, 633 
see Achlorhydria; Anemia; Dysen- 
tery; Typhoid 
Disinfection; see Sterilization 
Distilled water; carbon dioxide con- 
tent, 621 
District; sanitary, creation, in Ohio, 
466 

Dorr clarifier; see Clarifier 

Dorset; wells and springs, 78) 

Doucil; properties, 338 

Dutch East Indies; watersupplies,617 


Dynamite; tunneling, gas and, 
gelobel and, 782 
Dysentery; epidemics and water 


supply, Illinois, 474 
see Disease 

Earthwork; method, 
factors, 223 
see Dam; Soil 

East Bay Water Co. ; filter plant, new, 
109, 792 
Mokelumne pipeline construction, 

219 
Economizer; corrosion, prevention, 


hydraulic 


El Cerrito, Cal.; sewer outfall repair, 
780 

El Dorado, Kans. water supply, new, 
217 

El Paso Electric Co.; 
through quicksand, 

Electro-osmosis; water purification 
and, 340,618 

Electrolysis; mitigation, 111 

Engine; cross-compound vs. vertical, 
624 

Engine, gasoline; 
drive, 631 

Engineering Foundation; arch dam 
tests, 219 


pipeline 


standby pump 


| 


Erie, Pa.; consumption, 110 
= rates, 110 
report, 1926, 110 
water cost, 110 tae 
Evaporator; marine, 634 | 
Everglades | rainage Listrict; drain- 
age work, investigation, 219 
Excavation; see Trenching 
Dam; Teserv oir capacity, 
determination, 218 


at mesh oe? 


Fair ground; water supply, 475 
Filter gravel; see Filtration, 
sand; Gravel 
Filter sand; examination; practice, 
Ohio, 466 
sieves, rating constancy, 467 
see Filtration, rapid sand; Sand 
Filtering gallery; construction, 102 
Filtration: 617, 621 
aeration prior to, 
Beverly Hills, 480 


rapid 


619 4 


Color removal, 619 
Colorado and, 632 
Launceston, Tasmania, 480 

loading, 100 


manganese removal, 636 
plants, new, 112, 618, 619 
prechlorination, bacterial increase 
and, 626 
problems, solving, 337 
Rhode Island and, 798 
of softened water, high head, 337 
sulfite waste and, 118 
wash water; recovery, 334 
waste, 334 
see Boiler feed water; Railroad sup- 
plies; Swimming pool 


Filtration, double; experiments, 
Madras, 468 
increase in, 480 
operating costs, 119 Te 


Filtration, pressure; cost, 472 > 


efficiency, 472 
swimming pool and, 791 

see Railroad supplies 
Filtration, rapid sand; 637 EE 

air binding, relieving, 119 viz 
470 

Cleveland, 236 


control; automatic, 4st 
tests required, 119 
Detroit, 339 
filter bottom; 624 
¢ concrete, porous, 
filter, Patterson, 471 
gravel specifications, 


Cambridge, Mass., 


concrete-glass, 
344 


a 
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head loss, softening, carbonation 
and, 463 
history, 100 * ty 


manganese and, 792 


medium; coal, 119 
lava, 637 
Miami, Fla., 339 Tul? 


mud balls, elimination, 339 =| 


operation; cost, 119 afd 
difficulties, overcoming, 119 

plants; 119, 781 ) 
cost, 107, 119, 627 
new, 104, 107, 109, 120, 216, 345, 

463, 464, 624, 627, 630, 782, 792 

number in U. S., 100 : 

rate; 480 


controller, automatic, 480 hata.) 
runs; algae and; 464 Tune, 
copper sulfate and. 465 
double coagulation and, 462, 465 
lime excess and, 464 
Synedra and, 473 i 


sand; cracking, manganese and; 
109 
air wash and, 109 

data, 107, 463, 464 + fed 
specifications, 467, 793 rari) 


. softening, carbonate deposits and, 
779 
strainer system, 630 
Stuttgart, Ger., 338 
swimming pool and, 791 
units, bifureated, 109, 792 
wash; air-water, 637 
wasting period following, 631 
wash water; double coagulation 
and, 462, 465 
lime excess and, 464 
recovery, 480, 792 
reservoir, control device, 105 
Filtration, rough; coal as medium, 
119 
Filtration, slow sand; color removal, 


history, 100 

hydrogen sulfide production, 468 

plants, number in U. 8., 100 

rate, sedimentation and, 781 

roughing filters and, 119 
Financing; Holland, government aid 

and, 117 

sewage treatment, 

funds for, 465 
see Rates 


water works 


_ Fire hydrant; coupling, standard, 476 


Fire protection; high pressure sys- 
tem, 470 
improving, 

101 


in small community, 


| 


water works requirements, 118 
Fire protection, private; see Sprinkler 
system 
Fish; paper waste and, 472 
Flood; agricultual drainage and, 633 
discharge, estimating, 342 
forest cover and, 469 
problem, Kwangtung, China, 785 
protection, Beardstown, IIl., 779 
sanitary precautions, 475 
by supply; emergency measures, 
relief and, 785 
see New England; Mississippi; 
Rainfall; Sacramento 
Flow; in aqueduct, measurement, 102 
in open bodies, study, methods, 98 
see Stream gaging 
Flume; transitions, design, 341 
Col.; filter plant, new, 


Fort Worth, Tex.; water conduit, 
new, 473 

Foundations; science of, shortcom- 

ings, 342 

Fremont, O.; water supply ordinance, 
ruling, 215 


Garbage; pollution, law and, Con- 
necticut, 228 
Gas and coke works; liquors, phenol 
recovery, 620, 621 
Gelobel; use in presence of gas, 782 
Georgia; water supplies, 216 
Germany; potash waste pollution, 619 
water supplies, composition, statis- 
tics, 617 
Gibson Dam; drainage provisions, 109 
Girard; purification plant, new; 464 
operating costs, 464 
Goiter; bacterial quality and, 627 
iodine and, 625, 627 
prevention, 480 
see Sodium iodide treatment 
Grafton, W. Va., typhoid epidemic, 
water-borne, 120, 790 
Grand Rapids, Mich.; softening, in- 
termittent feed, 221 
Gravel; cemented, 
through, 344 
see Filter gravel 
Great Britain; stream pollution, 625 
Great Lakes; vessels, Canadian, 
water supplies, supervision, 790 
Great Northern Railroad; Cascade 
Tunnel, progress, 335 
Greensand; see Softening 
Greenville, O.; softening plant, new; 


cost, 463 


water flow 


operating costs, 463 ; 
Gros Ventre River; ‘‘dam’’ failure, 
779 


Hackensack Water Co.; pollution, 
industrial waste, 228 

Hankinization; manganese bacteria 
and, 468 

Hardness; anemia and, 113 


baking and, 337 ite 
cement-lined pipe and, 343 
coagulation and, 224 yo 
see Alkalinity; Softening 
Hardness determination; 478 
conductivity and, 117 yank 


Health; see Disease ; 
Heating system; steam, corrosion, 
correction, 636 
Holbeck, Eng.; swimming 
purification and, 791 
Holland; water supplies, Government 
aid, financial, 117 
Water Supply Bureau, report, 117 
Hose; garden, discharge, 101. 
Huron, Lake; pollution, eliminating, 
629 
Hydrant; see Fire hydrant _ 
Hydraulic jump; dam toe erosion and, 


pools, 


7 
Hydraulics; laboratories, European, 


see Books, new 
Hydro-electric 

data, 781 

at water works, 623 

see Penstock; Turbine 
Hydrogen-ion concentration; aera- 

tion and, 218 

carbon dioxide and, 113, 218 

chlorination and, 464, 471 

coagulation and, 224, 481, 620 

hydrogen sulfide and, 113 
Hydrogen-ion concentration, deter- 


plant; European, 


mination; accuracy, 113 > 
bicolorimeter and, 616 7 
bromothymol blue, standards, per- 


manent, 622 
Gillespie, modification, 789 
Hydrogen sulfide; chlorination and, 


4 

pH and, 113 

removal, aeration and, 792 

slow sand filtration and, 468 _ 
Hydrogen sulfide determination; 

colorimetric, 111 : 
Hypochlorite; see Calcium hypo- 

chlorite; Hypochlorous acid; 50- 

dium hypochlorite 


Hypochlorous acid; chlorination and, oo 
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Ice manufacture; deposits, causes, 114 
water treatment and; 114 
oil removal, 478 
Illinois; fair ground supplies, 475 
ground water, 637 
stratigraphy and geology of, 637 
typhoid; 475 
water supplies and, 474 
Illinois Central Railroad; treatment 
cost, reducing, 116 
Illness; see Disease 
Imperial Canal; head-works, 342 
Imperial Irrigation District; concrete 
canal linings, economy of, 221 
electric thermo-regulator, 
3 
Indiana; stream pollution act, 227 
water supplies, survey, 474 
Indianapolis Water Co.; water 
quality, 781 
water treatment, 781 
Indole test; see Bacteria, colon group 
Industrial wastes; combined, treat- 
ment, activated. sludge, 782 
disposal, in Ohio, progress, 466 
treatment; chlorination, residual 
required, 471 
methods, 636 
see Gas and coke works; Oil; Paper; 
Pollution, industrial wastes; etc. 
Intake; ; Chicago, 344 
St. Louis, Mo., 630 
tunnel, construction, 108 
Wenatchee, Wash., 627 
concentration, satisfactory, 


determination, 627 
goiter and, 625, ‘627 
see Sodium iodide 


treatment; sterilization and, 

Iodization; see Sodium iodide treat- 
ment 

Iowa; water supply and sewage dis- 
posal, 794 

Iowa River; flood, agricultural drain- 
age and, 

Iron; lead, coating with, 617 
passivity, 616 
steam, action, temperature and, 621 
in water; color removal and, 470 

o-tolidin test and, 795 

see Cast iron; Pipe 


Iron corrosion; 112 


carbon dioxide and, 112 ving 

iron salts and, 616 

sodium sulfate and, 112 rier 

theory, 616 

see Corrosion; Cast iron; Pipe; 
Steel 
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Iron determination; pyramidone, 620 
pyrocatechol, accuracy, 789 

Iron removal; 100 
aeration and filtration, 104 
progress, 480 

Ironton, O.; coagulation, double, 464 
lime, excess, 464 
prechlorination, taste and, 464 

Irrigation; see Imperial Irrigation 
District 


Jersey City, N. J.; chlorination, 
early, 100 

Junction Brook, Newfoundland; dam 
construction, 221 


Kalgoorlie, Australia; deaeration, 118 
pipeline, 118 

Kambara earth; softening and, 619 

Kansas City, Mo.; filtration plant, 
new, 782 

Knitting mill; waste treatment, 782 

Kwangtung, China; flood problem, 785 


La Toja Springs; radioactivity, 114 
compilation of, in 
U. 8., 235 
glassware, life, extending, 340 
Launceston, Tasmania; filter plant, 


Lawrence, Kans.; settling basin, 333 
Lawrence, Mass.; filtration, early, 
100 
Lead; coating iron with, 617 
solvency; alkali treatment and, 472 
silicate and, 622 
stream life and, 622 
see Mine waste 
Lead determination; colorimeter for, 
789 
Leakage; damage claims and, 470 
detection, 470 
Levee; breached, 336 
construction; 107 
cost, 468 
flood control and, 468 
Lima, O.; carbonation, 467 
chemical cost, 467 > 
Lime; transport, pneumatic, carbona- 
tion and, 462 
treatment; Beverly Hills, 480 
excess; 637 
algae, 464 
sterilization; 232, 464, 466, 
473 
turbidity and, 464 
see Boiler feed water; Railroad sup- 
plies; Softening 
Little Rock, Ark.; see Arkansas 
Water Co. 


_ Liverpool, Eng.; filters, new, 619 
London, Eng.; filters, Walton, 112 
_ Los Angeles; chlorination, automatic, 
628 
water supply, 633 
Los Angeles County; Pacoima Dam, 
construction, 
Louisville, Ky.; electrolysis mitiga- 
tion, 111 
filtration, early, 100 
pump, water driven, 103 
Lubrication; see Books, new 
_ Luray, Va.; metering, 228 
rates, 228 


_ Maastricht; water supply, new, 116 
Machinery; stored, rusting, preven- 

tion, 616 

Madison, Wis.; water unaccounted 
for, 335 
water waste reduction, 335 

_ Madras; water supply; report, 1926, 
468 


: vibrio-like organisms and, 468 
_ Magnesium chloride; boiler corrosion 
and, 232, 234 
_ corrosion and, 111 
_ Magnesium nitrate; boiler corrosion 
and, 232 
Magnesium sulfate; corrosion and, 
111 
Mahoning Valley Sanitary District; 
water supply problem, 466 
- Main; laying; across stream, 105 
. under railroad tracks, 101 
support, concrete cradles, 102 
tile, contamination and, 474 
see Pipe 
Manchester, Eng.; water works, 111 
Manganese; filtration and; 792 
cracking and, 109 
nature of (in water), 636 
origin of (in water), 636 
o-tolidin test and, 795 
removal; ‘‘black sand’’ filters, 636 
progress, 480 
_ Maricopa County Municipal Water 
Conservation District; under- 
ground water case, 786 
Marion, O.; chemical 
pneumatic, 462 
Massachusetts; Dept. of Health, bac- 
teriological methods, 475 
Medium, culture; see Books, new 
Mendota Lake; organic content, 338 
Meriden, Conn.; filter plant, new, 
345 
_ Metal; see Books, new 
_ Metallurgical plant; acid and ferrous 
sulfate recovery, 338 


transport, 
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Meter; see Current meter; Venturi 
meter 


Meter reading; waste inspection and, 
335 
Metering; Chicago, 220 
Luray, Va., 228 
Methyl red; see Bacteria, colon group | 
Miami, Fla.; purification plant, 339 
Michigan; typhoid, water purification | 
and, 228 
Mine waste; acidity of, 222 
lead; pollution and, 622 
treatment, 622 
treatment, lime; 222 
cost, 222 
Mineral content; anemia and, 113 
see Salinity 
Minneapolis, Minn.;: screen, travel- 
ing, 
Mississippi River; basin, precipita-— 
tion, 1927, 468 
Commission, work of, 469, 781, 783 
flood; 1927; 115 
levees breached, 336 
agricultural drainage and, 634 
control project and cost, 788 
problem, 101, 468 
protection, Louisiana, 781 
pollution, industrial wastes, 782 
Mixing basin; 636, 637 
baffled, over and under, 462 _ 
East Bay Water Co., 109 oo 
Kansas City, Mo., 782 TRH 
mechanical, 467, 627, 792 hio — 
Sacramento, 109 
see Agitation par 
Modesto Irrigation District; Dallas- 
Warner reservoir dam repair, 101 
Moffat Tunnel; construction, Lewis ios 
girder, improved, 788 
lining, steel, 216 oe 
Monte Vista, Colo.; water supply, 632 4 <—_ 
Moscow, Russia; water supply in- = 
vestigation, 470 7 


sein 


Mosquito; control, history, 100 

Municipal administration; see Books, 
new 

Musconetcong Tunnel; construction 
methods, 788 


Nag Hammadi Barrage; cableways, — 
786 
National Research Council; 
Books, new 
New England; flood, 1927; 783, 784 
rainfall, 783, 784, 785 ‘ 
New England Power Association; — 
plant, new, 785 — 
New Jersey; watershed, recreational | 
use, law and, 627) 


see 


tes 


& 
. 


New Mexico; ground water, law and, 
216 

New Orleans; flood problem, 469 

New York City; Croton aqueduct, 
reconstruction, 786 

Niles, O.; water supply problem, 465 

Nitrite; o-tolidin test and, 795 

Nitrite determ nation; colorimeter 
for, 789 

Nitrogen determination; Kjeldahl ap- 
paratus, improved, 340 
organic, Kjeldahl, modification, 790 

Norfolk, W. Va.; water bill, landlord, 
court decision, 476 

North Jersey Metropolitan District; 

Wanaque aqueduct controversy; 
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107 
Snow report, 216 

7 Oakland, Cal.; see East Bay 
Water Co. 


Oakland City, Ind.; water quality, 
476 
Ohio; flood rainfall, 1913, 785 
industrial waste disposal, 466 
sanitary districts, creatiou in, 466 
State Dept. of Health, filter sand; 
examination, 466 
specifications, 467 
— purification conference, 6th, 
63 
Ohio River; pollution, 
agreement, 476, 795 
Oil determination; in steam, 233 
Oil removal; 636 
see Boiler feed water 5 
Oil waste; treatment; 222 
requirements, 222 
thal? 
pollution 


interstate 


Oil well; pollution and, 217 
Ophir, Utah; water 
ordinance, 473 
Ortho; neglected for indexing pur- 

poses 
Osaka, Japan; prechlorination, bac- 
terial increase and, 626 
Ottawa, Ont.; services, thawing, 623 
waste reduction, 623 
Owensville, Ind.; water quality, 476 
Oxygen consumed determination; 789 
Oxygen dissolved; boiler corrosion 
and, 232, 234, 636 
corrosion and, 118, 478, 480, 631 
see Aeration 
Oxygen dissolved determination; re- 
cording instrument, 229 
Winkler, in presence of oxidizable 
substances, 622 
Oxygen removal; methods, 622 
see Boiler feed water; Deaeration 
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Pacific Gas and Electric Co.; dam; 
models, baffle pier experiments, 342 
Pit No. 4, 788 
turbine efficiency, 779 
Pacoima Dam; see Los Angles County 
Paint; life, factors, 336 
see Coatings 
Palm Beach, Fla.; see West Palm 
Beach Water Co. 
Palo Verde Irrigation District; river 
control, 335 
Paper manufacture, waste; dilution 
required, 472 
as fertilizer, 472 
fish and, 472 
hydrogen sulfide and, 472 
pollution and, 112, 118, 222 
putrescibility, dilution and, 472 
sulfite; 782 
aeration, 782 
purification, biological, 619 
water purification and, 118 
treatment; 222, 471 ms 
‘‘save-all’’ device, 466, 782 
Pennsylvania Water Co.; 
bottom, concrete-glass, 624 
design, graphical method, 
9 


filter 


Petersburg, Ind.; water quality, 476 

Phenol; see Chlorination; Gas and 
coke works 

Phenol red; pH range, 616 

Phillips Glow-Lamp Works; water 
treatment plant, 637 

Phillips Petroleum Co.; water supply 
system, 216 


Pile; concrete, driving, 102 att 
Pipe; corrosion, soil, 344 ban 
cleaning, exterior, 783 ale 


cutting, oxyacetylene, 102 
flow, measurement, 102 
freezing, rate, hot and cold, 335 
joint; lead wire and wool, 624 
submerged, design, 216 
laying; quicksand and, 473 
submarine, 345 
traveler and, 219 
line; road supply, data tables, 101 
sand trap, 105 
maintenance, pumps and, 114 
repair, welding, 108 i 
scrap, utilization, 108 
straightening device, 784 my. 
water, history, 99 tei 
welded; 108 
river crossing, construction, 783 
see Aqueduct; Conduit; Main 
Pipe, brass; copper and zine in water 
and, 344 


i” 
> 
\ 


- Pipe, cast iron; American, tests, 236 
centrifugal; annealing, 799 
vs. sand cast, 798 
cutting machine, for large, 103 
failure, fill depth and, 217 

_ French, tests, 236 

history, 99 

joint, bronze welded; expansion 
joints and, 218 i) 

failure, frequency, 218 
‘“‘shear vee’’ type, 785 
strains, investigation, 218 
strength, 785 

leakage, testing and requirements, 
03 


line, 106, 343 
testing, compression on rings, 236 
tests, significance, 798 
welding, tinning, method, 785 
Pipe, cement-lined; hardness and, 343 
history, 99 
lining thickness, 108 
water quality and, 343 
Pipe coating; corrosion, soil and, 344 
glass, 108 


natural ; 480 
carbon dioxide and, 480 ? 
oxygen dissolved, 480 nA 
Talbot, 108 
tar, history, 99 


see Coatings; Pipe, cement-lined 
Pipe, concrete; centrifugal, ‘‘Hume,’’ 


473 

line, 345, 473 
Pipe, copper; copper in water and, 344 
Pipe corrosion; carbon dioxide and, 


natural coatings and, 480 
oxygen and, 480 
Pipe, galvanized; corrosion, soil, 344 
zine in water and, 344 
Pipe, iron; corrosion; 338 
soil, 344 
line, 345 
see Pipe cast iron; Pipe, wrought 
iron 
Pipe, steel; cleaning, exterior, 334 
corrosion; prevention, deaeration 
118, 232 
soil, 344 
failure, 232 
laying; inclines and, 220, 780 
movement and, 219 
line; 200-mile, 334 ‘ 
350-mile, 118 
stresses, 220 
lock-bar, laying i in 150-ft. sections, 
778 
Hie 


welded; 334 
failure, 220 
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laying, expansion and contrac- 
tion and, 779 
Pipe, tin; water quality and, 344 
Pipe, wood stave; band failure, con- 
crete encasement and, 780 
Pipe, wrought iron; history, 99 
— Greece; water supply, new, 
225 
Pittsburgh, Pa.; softening, sludge 
addition and, 780, 797 


Plumbo-solvency; see Lead 


Pollution; cattle and, ordinance, 473 
indicator, Beggiatoa alba, 618 
manure and, 467, 473 
ordinance upheld, 791 

Pollution, industrial wastes; alcohol 
denaturant and, 228 
garbage, law and, Connecticut, 228 
Indiana Act, 227 
Iowa, 794 
lead mine and, 622 aml 
mitigation, 625 
oil well and, 217 a 
paper mill and, 112, 118, 222 _ 
potash waste, 619 uy 
Wisconsin, activities, 782 
see Industrial wastes ines} 


Pollution, stream; in Great Britain, 


625 
interstate; 796 
control; 795 
agreement, Ohio River, 476, 


795 
Iowa and, 794 
mitigation, 625 
Wisconsin and, 782 oH 302 


Portsmouth, O.; Aleo-floc experi- 
ments, 467 
mixing chamber, 467 

Potash; see Pollution, 
wastes 

Potassium permanganate; algae and, 
227 

Poughkeepsie, N. Y.; aeration, 218 

Power; see Hydro-electric; Steam; 
Water power 

Precipitation; accelerating by adding 
précipitate, 110 
see Coagulation; Rainfall 

Pressure; high, system, 470 
uniformity, elevated tank and, 

631 


industrial 


Pressure gage; self-damping, 217 


Providence, R. I.; aeration, 218 
reservoir construction, 784 
Scituate supply and works, 339 

Public Service Co.; dam, collapsible, 
778 

Publie Service Gas and Electric Co.; 
boiler feed water treatment, 634 


| 
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Pump; hot water, suction, pressure 
head and, 115 
pipeline maintenance and, 114 
water works, history, 100 
Pump, centrifugal; design, 235 
drive; electric; efficiency; 107 
record, 106, 119 
size record, 106 
Fordson tractor, 115 
water motor; 103 bbe 
efficiency, 103 i 
impeller corrosion, 231 
laboratories, European, 782 
priming, automatic, 106 
theory, new, 223 
Pumping station; Boston Metro- 
politan District and, 624 
coal consumption per gallon, 110 
drive, electric; control, remote, 101 
reliability, 631 
standby; gasoline engine, 
storage, 631 
improvements, Alliance, O., 104 
new, 112 
portable (railway), 115 
power, miscellaneous 
water, 103 
see Boiler; Pump; Turbine 
Purification; chemical cost, 467 
method, 636 
plant; failure, typhoid and, 228 
new 
small, supervision, 467 
progress, 1927, 480 
typhoid and, 228 
see Books, new; Chlorination; 
Electro-osmosis; Filtration; Iron 
removal; Lime treatment; Man- 
ganese removal; Storage; etc. 
Puy-de-Déme, France; radioactive 
springs, 114 


631 


purposes, 


Radioactivity; La Toja Springs, 114 
Puy-de-Déme Springs, 114 

Rahway, N. J.; aeration, 218 

—. supplies; blow down, cost, 


drinking water, A. R. A., report, 116 
foaming, suspended matter and, 
480 


heating; 478 
Williams-Luard system, 635 
treatment; apparatus, 635 
chemical feed, 116 
cost, reducing, 116 
filtration; pressure, 116 
wash water recovery, 116 
lime-soda; incrustation, preven- 
tion, 116 ; 
sodium aluminate and, 479 
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P: settling tank; conical bottom, 
sludging loss, 116 


standard, 115 

water column, discharge data, 115 
see Boiler 

Rainfall; flood; Mississippi River, 
1927, 468 
New England, 1927, 783, 784, 785 
Ohio, 1913, 785 

~— adequate, necessity of, 624, 


basis, Ottawa, Ont., 623 


Erie, Pa., 110 ile 
Luray, Va., 228 ila, 
Refuse; see Garbage A} 
Reservoir; concrete; 630 
form handling, 784 alae? 
joints, gumbo, 219 Bers) 


construction, precautions, 226 
contamination, manure and, 467, 
473 
impounding, capacity, estimating, 
218 
recreational use, 627 
wash water, control device, 105 
— Island; water supplies, data, 
98 
Richmond, Va.; consumption, 476 
sulfite wastes, 118 
water works; 118, 476 
cost, 476 
River; see Stream 
Roaring Creek Water Co.; supply, 102 
Rochester, N. Y.; wrought iron pipe, 
early, 99 
Rockford, Ill.; water supply, 637 
Ronceverte, W. Va.; filter plant, 120 
Run-off; rainfall and, ratio, 798 
snow density and, 336 


Sacramento, Cal.; coagulation; 480 
units, 109 
taste and odor, superchlorination 
and, 627 
water supply, new, cost, 633 
Sacramento River; flood control proj- 
ect and cost, 469 
Saint Francis Orphan Asylum, New 
Haven, Conn.; swimming pool, 792 
Saint Gallen; swimming pool, puri- 
fication, 791 
Saint Paul, Minn.; sewer tunneling, 
781 
taste and odor, aeration and, 631 
Saint Louis, Mo.; carbonate deposits, 
779 
carbonation, 779 


filter plant, new, 680 
intake, new, 630 Aimijiow 
pile driving. 102 
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reservoir, concrete, 630 
Salinity determination; recording in- 
strument, 230 
Sampling; of bottom, ‘ 
and, 622 
- San Diego, Cal.; pipeline construc- 
tion, 778 
- San Francisco, Cal.; Hetch Hetchy 
pipeline, submarine, 345 
water supply new, expenditure, 
633 
- San Joaquin Valley; flood discharge, 
maximum, estimating, 342 
Sand; analysis for concrete, rapid, 
field, 105 
blackening, hydrogen sulfide organ- 
isms and, 109 
size, minimum, 223 
- Sand removal; basins and, 109 
-Sandsfield, Eng.; filter wash water 
recovery, 
Sandusky, O prechlorination, 464 
Sanitary District; see District 
- Sanitation; see Books, new 
Santa Fe Railroad; desert supplies, 
‘115, 116 
Sao Paulo, Brazil; water supply aque- 
duct, 345 
; Screen; traveling; Kansas City, Mo., 
782 
Minneapolis, 345 
Sedimentation basin; 637 
clarifier, Dorr, 630, 782 ‘ls 
design, study, 786, 787 
efficiency rating, 786 
flowing through period, determin- 
ing; dye and, 786 om 
salt and, 736 hive 
Fort Collins, Colo., 630 ma) 
Lawrence, Kans., 333 t 
sludge removal; 333 
clarifier and, 343, 462 
see Coagulation basin; 
supplies 
lead, clogged, clearing, 
thawing machine, electric, 623 
Settling; see Sedimentation 
Sewage treatment; activated sludge, 
industrial wastes and, 782 
chlorination, residual required, 471 
history, 99, 100 
water supply and, 465, 794 a 
water works funds for, 465 han rT 
see Books, new 


‘vacuum grab”’ 


Railroad 


797 


Sharon Dam; flood, effect, 


Silica; boiler’ corrosion and, 2 

Silt; particle size, 223 

Siphon; transitions, design, 341 

Smithville, Mo.; main laying, across 
stream, 105 
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Snow; melting and anal) rate, den- 
sity and, 336 
Soda ash; see Boiler feed water treat- > 
ment; Softening 
Sodium aluminate; ; softening; 789 
after precipitation and, 116 
see Coagulation; Railroad supplies 
Sodium carbonate; see Boiler feed 
water treatment; Softening 
Sodium chloride; corrosion and, 111 
conductivity and, 
86 
Sodium hydroxide; 
water treatment 
Sodium hypochlorite; — 


see Boiler feed 


see Chlorination 
Sodium iodide treatment ; cost; goiter = 
and; taste and, 625 7 
see Iodine 
Sodium phosphate; see Boiler feed 
water treatment 
Sodium sulfate; iron corrosion and, 
112 
Softening; 100, 113 
Alco-floe, 467 
base exchange; capacity required, 
formulas, 619 
brine, re-use,619 
domestic; 628 
apparatus, 119 
greensand, 637 evi 
history, 119, 637 
progress, 232 iv 
regeneration data, 637 yn 
softening rate, 637 Ti] 
zeolite; 636 bi 
synthetic ‘gel’? type, 233, 
637 
chemistry of, 232 
filtration, high head and, 337 
for ice manufacture, 
Kambara earth and, 619 
lime} 232 
carbonate deposits; 463, 779 
alum and, 463 
filtration and, 779 
ss intermittent feed and, 221 
excess, 232 
intermittent feed, 221 
plant, new, 464, 792 
lime- soda; after precipitation, so- 
dium aluminate and, 116 
algae and, 463 
alum and, 466, 636 
apparatus, portable, 232 
clarifier, Dorr, 636 
domestic, 628 
efficiency, increasing, 462, 466, 


836 
plant, new; 463 


am 


cost, 463 
sludge addition and; 780, 797 
low and, 780, 
79 
lime-zeolite, economy of, 463, 466 
plant, 339 
progress, 462 
sludge handling, clarifier, Dorr and, 
462 


soap, built, and, 225 
sodium aluminate and, 789 
see Boiler feed water treatmént; 
Carbonation; Lime; Mixing; Pre- 
cipitation; Railroad; Zeolite 
Soil; corrosion of pipe and, 344 
size, classification, 223 
see Earth 
Solids, determination; total, Dionic 
apparatus and, 617 
Sounding machine; accurate, 218 
Spartansburg, 8. C.; filtration and 
hydro-electric plant, new, 623 
Spillway; analysis, methods, 778 
design; pondage and, 334, 778 
side, for diversion dam, 341 


Spring; condition, normal, deter- 
mination, 787 
flow; increasing, 623 in 
season and, 617 
pollution, 117 3 


temperature, season and, 617 
Sprinkler system; 631 
Steam; corrosiveness, correction, 636 


flow in pipes, 622 
oil determination, 233 
pipe, 


steel, action on, 636 


water separator, 338 
Steam plant; engineering, progress, 
480 


mercury-vapor process, 480 
see Boiler; Condenser; Economizer 
Steel; corrosion; 112, 787 
calcium chloride and, 111 
hot water and steam and, 636 
magnesium chloride and sulfate 
and, 111 
protective treatment, 617 
rate, estimating, 232 { 
sodium chloride and, 111 
tendency, estimating, 232 
stainless, 232 jt 
Steelton, Pa.; filter plant, operating 
cost, 119 
Sterilization; 617 
see Chlorination; Iodine treatment; 
Lime treatment 
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Stevenson Creek Dam; see Engineer- 
ing Foundation 


Storage; bacteria and, 226 fiz 
B. coli and, 224 ons | 
B. neapolitanus and, 224 


color removal; 470 
iron and, 470 : 

elevated; pressure uniformity and, 
631 


standby, 631 
Straw-board waste; disposal, 113 
Stream; alluvial, meanderings, 219 
control; 335 
Bell’s bund system, 780 
laboratories, European, 782 
sand blackening, cause, 109 
underground, boundaries, 
ruling, 786 
see Flood; Pollution 
Stream gaging; flow analysis, irregu- 
lar channels, 633 
in water, significance, 
6 
Stuttgart, Germany; filtration, data, 
338 
Sulfate determination; volumetric, 
Bahrdt’s method, 636 
Sulfite; see Paper 
Sulfur; removal, 480 warts 
Sulfuric acid; algae and, 225 
coagulation and, 224 
Swimming pool; aeration, 791 
chlorination; 628, 791 ijn) 
excess necessary, 113, 471 
copper sulfate treatment, 793 
equipment, accessory, layout, 792 
filtration, 628, 791 
nasal infection and, 628 
regulation, state, 791, 793 
ultra violet ray and, 628, 792 
water treatment, 113 
Synedra; filter runs and, 473 


court 


Tacoma, Wash.; pipeline, laying, 219 
Taf Fechan, South Wales; water 
works, 471 
Tank; elevated, Charleston, 8. C., 631 
see Storage 
Tannery; waste treatment, sulfuric 
acid and, 223 
Tar; nomenclature, 232 
see Pipe coating 
Taste and odor; alcohol denaturant 
and, 228 
algae and; copper sulfate and, 465 
superchlorination and, 627 
removal; 480 
aeration and, 631 


Aw 
see Chlorination 


Temperature; coagulation and, 463 
Texas; water supplies, ground, pro- 
tection, 794 
Thalheim-Muehlthal; venturi meters, 
series, 788 
. Tide; study, methods, 98 
Tin; in water, from pipes, 344 
Toledo, O.; water supply, sewage 
disposal and, 465 
o-Tolidin; color data, 340 
see Chlorine, free, determination 
Tools; pneumatic, with cost data, 335 
Toronto, Ont.; taste, superchlorina- 
tion and, 342, 466 
swimming pool operation, 113 


Trenching; pneumatic tools, with 
cost data, 335 
in wet running sand, 219 pire 
Tryon, N. C.; filter plant, 119 


Tunnel; 345 ? 
through Ben Nevis, 778 1 
construction; 220 
concrete-lined, 781, 782, 786 
gas and, dynamite, Gelobel and, 
782 
heading and bench, Lewis girder, 
improved, 788 
methods, old and new, 788 $e aw 
' pneumatic tools, 335 nf 


in rock, mucking, 108 it 
lining, steel, 216 
under private property, 108 
in rock, 473 


Turbine; laboratories, European, 782 
steam; 480, 624 
corrosion, water droplets and, 
787 
dises, inspection, magnetic, 104 
water; efficiency, 779 


impeller, corrosion, 231 
Typhoid; compensation and, court 
decision, 791 
cross-connections and, 474 
epidemic; 334 
water-borne, 120, 228, 474, 790 | 
Illinois, 474, 475 
Michigan, 228 


reduction; 474, 480 
statistics, 1925, 228 ive 

vessel, court decision, 790 
water purification and, 228 ‘oat 
see Disease 


Ultra violet ray; germicidal action, 
residual, 792 
see Swimming pool 
Union Hydro-Electrique; 
River plant, 217 
United Electric Railways Co.; 
bustion control, 236 


Creuse 


com- 
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Walton on Thames; filtration plant, 


Water, gratuitous; Chicago,220 


United States Coast and Geodetic 
Survey; current and tide surveys, 
methods, 98 

Unity School of Christianity; water 
supply, new, 216 

Upper Ouse River; diversion canal 
spillway, 341 

Utilities Power Co.; Bristol Dam, 216 


Valuation; 
341 
Valve; altitude, freezing and, 114 
check; reliability, 796 
testing, method, 796 
float, freezing, prevention, 114 
Varnish; life, factors, 336 
Venturi meter; history, 99 
series (2) arrangement with range 
1: 100, 788 
Vessel; water supply; supervision, 790 
typhoid, court decision, 790 
Vibrio; Madras supply and, 468 
Vi irginia; water bill, landlord and, 
court decision, 476 
Voges-Proskauer test; see Bacteria, 
colon group 


water-power property, 


Wallingford, Conn.; filter plant, new, 
345 


new, 618 
Wanaque; see North Jersey Metro- 
politan District 
Washington Suburban Sanitary Dis- 
trict; coagulation studies, 481, 629 
pipeline, sand trap, 105 
Waste; inspection by meter readers 
and, 335 
reduction; Chicago program, 220 
survey, "623 
Water; life in, factors influencing, 237 
Water ’ analysis; for boiler purposes, 
229 
for filter control, 119 
methods, changes, 480 
see Bacteriological examination; 
Books, new; Lead; Nitrogen; etc. 
Water cost; Erie, Pa., 110 : 
Girard, 464 eal 
Greenville, O., 463 


Erie, Pa., 110 
Water, ground; flow, estimating; 617 


study, 780 
geological structure and, 789 
law, New Mexico, 216 Sen 
purification, natural, 475 “ag 
right to, court decision. 786 /--- 
yield, testing, 104 


see Well 


Water measurement; see Current 
meter; Venturi meter; Weir 
Water motor; pump drive, 103 
Water power; property, appraisals, 
341 
see Books, new; Water motor 
— quality; bacterial, goiter and, 
bacteriological interpreta- 
tion, 117 
pipe; cement-lined and, 343 
various and, 344 
Water rights; interstate, 796 
underground, court decision, 786 
Water supply; camps, 228, 474 
classification, W. Virginia, 477 
dual, 225, 632 
fair grounds, 475 
flood, relief and, 785 
inspection, 219 
interstate carriers, responsibility 
and, 790 
interstate traffic and, federal super- 
vision, 226 
road, pipeline data, 101 
sewage disposal and, 465, 794 
survey, geological and, 617 


tests, 


Water unaccounted for, Madison, 
Wis., 335 
Water works; fire protection require- 
ments, 118 
history, 99 


metallurgical problems, 109 

number in U. 8., 99 

ownership, data, 99 

practice, progress, 340 

state boundaries and, 796 

see Fire protection; Purification; 
Services; etc. 


ee Vt.; water supply, flood 
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and, 785 
_ Watershed; recreational use, 627 
_ Waterway; engineering, progress, 341 
Watseka, Ill.; typhoid epidemic; 
water quality, 334 
Waupun, Wis.; combined sewage 
wastes, treatment, 782 
Weir; measurements, precise, formu- 
las, 98 
V-notch, angle, accuracy and, 110 
Weld; fatigue resistance, 100 


methods, comparison, 100 sid 
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testing in field, 783 
ae — Pipe, cast iron; Pipe, 


ee 
Well: ‘“‘air made,’’ construction, 106, 
120 
artesian, leak, locating, 220 . 


casing, driving, 215 
construction, 119 
gravel wall, construction, 106, 120 
new; 343 
protection and, 794 
pollution; surface, detecting, 116 
underground, 475 
blocking, back and, 
screen, cemented gravel, 344 sft 
sterilizing, 475, 794 
supply, increasing, 623 
water level; determining electri- 
cally, 104 
rainfall and, 618 
water quality, data, 798 
see Water, ground 
Wenatchee, Wash; filter plant, new; 
cost, 627 
West Brownsville, Pa 
accident, 477 
West Palm Beach Water Co.; 
tion, 218 
filtration plant, new, 107 
West Virginia; water supplies, classi- 
fication, 477 
Wilkinsburg, Pa.; 
Water Co 
Willwood Dam; construction, 781 
Winnipeg; aqueduct, flow tests, criti- 
cism, 102 
Wisconsin; 
wastes, 782 
Wyoming Valley Water Co.; supply, 
102 


.; supply main 


aera- 
see Pennsylvania 


pollution, industrial 


Yeast; chlorine and, 227 
Youngstown, O.; water supply prob- 
lem, 465 


Zeolite; base exchange formula, 620 
characteristics, 620 
synthetic “gel”? type, 233, 637 
see Doucil; Softening 
Zinc; in water, from pipes, 344 
see Pipe, 
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APPLICATION FOR MEMBERSHIP 


IN THE 
us AMERICAN WATER WORKS ASSOCIATION 


hereby make application for. 


Membership in the American Water Works Association, and enclose herewith the 


sum of Dollars, the required initiation fee 


and one year’s dues in advance. 


Title or Business 


Address. 


Business or Professional Experience 


Recommended by 


Recommended by............. 
29 West 39th Street 
Send application to American Water Works Assn., Sg New York, N. Y. 


“os (To fill in blank see extracts from the Constitution on other side) 


i 


REPORT OF MEMBERSHIP COMMITTEE 
We have investigated the qualifications of the applicant, and approve his 


admission to. 


Date: Chairman. 


Date: 


Date: 


Nam 
a. 
r 
: 
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ARTICLE III. OF CONSTITUTION 


Section 3. An Active Member shall be either a superintendent, manager or 
ether officer of a municipal or private water works; a civil, mechanical, hydraulic 
or sanitary engineer, chemist or bacteriologist, including those acting technically as 
such for, and employed by, Associate Members of the Association; or any qualified | 
person engaged in the advancement of knowledge relating to water supply in general. 
(Initiation Fee, $5.00; Annual Dues, $10.00.) 


Section 4. A Corporate Member shall be a water board, water commission, 
; water department, water company or corporation; national. state or district board of 
a health or other body, corporation or organization interested or engaged in public water 


supply work, and shall be entitled to one representative whose name shall appear on 


the roll of members and may be changed at the convenience or pleasure of the repre- 


ES sented Corporate Member upon written request to the oe and who shall have 
q 
3 


Annual Dues, $15.00.) 


Section 5. An Associate Member shall be either a person, firm or corporation, 
engaged in manufacturing or furnishing materials or supplies for the construction 
or maintenance of water works. An Associate Membership shall entitle the holder 


to be represented by one person on the floor at each meeting but such representative 
shall not be entitled to vote nor take part in any discussion unless permission is 


given by unanimous consent of the members Present. (initiation $10. 00; Annual 


Membership in the Association carries also membership in its Local Sections, 
a nd the Journal, a monthly publication devoted to water works interest. The 
proceedings of the annual conventions and of the meetings of the Local Sections are 
_ published in the Journal, which also contains contributed articles on subjects pertain- 
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Sullivan Machinery Co......... 22 
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(See also Pipe, Brass) 

American Brass Co.. 19 
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CLASSIFIED INDEX TO ADVERTISEMENTS 


Sullivan Machinery Co......... 22 
Condensers: 

Allis-Chalmers Mfg. Co........ 58 
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Couplings, Flexible: 
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Glauber Brass Mfg. Co 
Mueller Company 
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Permutit Company 
Ross Valve Mfg. Co 
Feed Water Heaters: 
Biggs Boiler Works Co 
Worthington & Mach. 
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Feed Water Trea ment: 
Permutit Company 

Filter Rate Controllers and Gages: 
(See Rate Controllers) 
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American Water Softener Co.. 32 
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Glauber Brass Mfg. Co 
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Biggs Boiler Works Co 
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Furnaces: 
Mueller Company 
A. P. Smith Mfg. Co 
Gages, Surface, Reservoir 
Special Water Works: 
American Water Softener Co.. 
Builders Iron Foundry 
H. W. Clark Co 
Republic Flow Meters Co 
Simplex Valve & Meter Co.... 
Gates, Shear and Sluice: 
Ludlow Valve Mfg. Co........ 28 
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(See Valves) 
Gears, Speed Reducing: 
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Permutit Company 


Inspection of Materials: 
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Investments: 
(See Securities, 
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Hydraulic Development Co... 
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Leak Finders: 
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Machines, Drilling: 
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Badger Meter Mfg. Co......... 59 
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Builders Iron Foundry........ 33 
Gamon Meter Co.............. 20 
National Meter Co............ 44 
Neptune Meter Co............. 55 


Pittsburgh Equitable Meter Co. 24 
Simplex Valve & Meter Co.... 29 


Thomson Meter Co............ 30 
Union Water Meter Co........ 41 
Worthington Pump & Mach. 
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Meters (Venturi Type): 
_ Builders Iron Foundry........ 33 
National Meter Co............ 44 
Republic Flow Meters Co....... 47 
Simplex Valve & Meter Co..... 29 


Builders Iron Foundry........ 33 


Meter Boxes: 
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Badger Meter Mfg. Co......... 59 
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Gamon Meter Co. 20 
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Mueller Company............. 53 
National Meter Co............ 44 
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‘Thomson Meter Co............ 30 
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= Buffalo Meter Co.............. 63 
- 4 Builders Iron Foundry........ 35 
Mueller Company............. 53 
National Meter Co............ 44 
Pittsburgh Equitable Meter Co 24 
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Worthington Pump & Mach. 
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American Brass Co............ 

Copper & Brass Research Ass’n. 19 

Kennedy Valve Mfg. Co........ 26 
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John Fox & Co 
McWane Cast Iron Pipe Co.... 31 
National Cast Iron Pipe Co.... 39 
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American Cast Iron Pipe Co.. 34 


Biggs Boiler Works Co........ 21 
Builders Iron Foundry....... 33 
Cement Lined Pipe Co........ 27 
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National Cast Iron Pipe Co.... 39 
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Simplex Valve & Meter Co..... 29 
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Pittsburgh Equitable Meter Co. 24 
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Worthington Pump & Mach. 
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14 
Ross Valve Mfg. Co.......... 40 
Sterling Engine Co........... 48 
Worthington Pump & Mach. 


Rate Controllers: 
American Water Softener Co.. 32 


Builders Iron Foundry........ 33 
Republic Flow Meters Co. ...... 47 


Simplex Valve & Meter Co..... 29 


etc. 


Permutit Company............ 57 
Recording Instruments 
 Permutit Company............ 57 
Reservoir Waterproofing: 
Waterproof Paint Co........... 16 
— Water Company: 
W. Chapman & Co......... 12 
Service Clamps, Galvanized: 
3 #3 Glauber Brass Mfg. Co........ 36 
Mueller Company.............. 53 
Shovels, Underground: 
Allis-Chalmers Mfg. Co........ 
; Sleeves & Valves, Tapping: 
nN ae Ludlow Valve Mfg. Co........ 28 
Mueller Company.............. 53 
om Rensselaer Valve Co........... 45 
Soda Ash 


INDEX TO ADVERTISEMENTS 


PAGE 
Diamond Alkali Co........... 40 
Isaac Winkler & Bro........... 48 
Soda, Caustic: 
Arnold, Hoffman & Co........ 39 
Diamond Alkali Co............ 
Stacks: 
Biggs Boiler Works Co........ 21 
Penstock Construction Co..... 48 
Steel Plate Construction: 
Biggs Boiler Works Co........ 21 
Sulphate of Alumina: : 
Tanks, Mixing: 7 
43 
Tanks, Steel: 
Biggs Boiler Works Co........ 21 
Penstock Construction Co...... 48 
Topping Machines: 
auber Brass Mfg. Co......... 36 
Mueller Company.............. 53 
A. P. Smith Mfc. 9 
Tapping Sleeves: 
(See Sleeves & Valves, Tapping) _ 


Tires, Fire Engine & Truck (Pneu- 


matic): 


Firestone Tire & Rubber Co...17 
Turbines, Steam: 

Allis-Chalmers Mfg. Co........ 58 

DeLaval Steam Turbine Co.... 49 
Turbines, Water: 

DeLaval Steam Turbine Co.... 49 


Valve Boxes: 


Kennedy Valve Mfg. Co........ 26 
Ludlow Valve Mfg. Co........ 28 
Mueller Company............. - 53 
Rensselaer Valve Co........... 45 
A. P. Smith Mfg. Co.......... 9 
nm. Woen & Co. cover 2 


Valve Inserting Machines: 
A. P. Smith Mfg. Co 

Valves, Check, Flap, Foot, Hose, 
Mud & Plug: 


Ludlow Valve Mfg. Co......... 28 
Valves, Compounding: 

Union Water Meter Co........ a 
Valves, Gate: 

Farnan Brass Works........... 

Glauber Brass Mfg. Co........ 36 

Kennedy Valve Mfg. Co........ 26 

Ludlow Valve Mfg. Co........ 28 

Mueller Company.............. 53 

Renssclaer Valve Co........... 45 


A. P. Smith Mfg. Co.......... 
a Cast Iron Pipe & Fdy. 


¥ 
a 
on”. 
i 
> 
N 


Valves, Gate (Continued): 

D. Wood & C 
Worthington Pump & Mach. 

Corp 

Valves, Regulating: 
Golden-Anderson Valve Spec. 


Mueller Company 
Ross Valve Mfg. Co 
Union Water Meter Co 


‘Water Cranes: 
Ludlow Valve Mfg. Co 
Water Softener (Zeolite) : 
American Zeolite Corp 
Water Softening Plants: 
American Water Softener Co... .32 
Dorr Company 


Hazen & Whipple 
Permutit Company 
Water Waste Detection: 
Simplex Valve & Meter Co 
Paint: 
M. B. Main 
Waterproof Paint Co........... 
Waterproofing, Reservoir: 
Waterproof Paint Co 
Well Screens: 
Edward E. Johnson, Inc 
Wrought Iron Pipe: 
(See Pipe) 


Zeolite (Water Softener) : 
American Zeolite Corp.... 


see VO 


Pipe. Steel: 


iggs Boiler Works Co........ 21 


__ Bast Jersey Pipe Co 
Tin Lined: 


iggs Boiler Works Co........ 21 


Pipe, Wrought Iron: 
Byers Co 
" Pressure Regulators: 


Golden-Anderson Valve 
0 


Co 
Mueller Company 
Ross Valve Mfg. Co 
Simplex Valve & Meter Co 
Union Water Meter Co 
Provers, Water: 


Pittsburgh Equitable Meter Co. 24 


Pumps, Deep Well: 
San Worthington Pump & Mach. 


Power): 

Edson Mfg. Corp 

Pumps & Pumping Engines: 
Allis-Chalmers Mfg. Co 
DeLaval Steam Turbine Co.... 
Edson Mfg. Corp 
F. B. Leopold 
Ross Valve Mfg. Co 
Sterling Engine Co 
Worthington Pump & Mach. 


64 


Rate Controllers: 


American Water Softener Co.. 32 


Builders Iron Foundry 


Recorders, Gas Density, CO2, NHy, 
SOs, etc. 


Permutit Company 
Recording Instruments 
Permutit Company 
_ Reservoir Waterproofing: 
Waterproof Paint Co 


‘Securities, Water Company: 

W. Chapman & Co 

Service Clamps, Galvanized: 
Glauber Brass Mfg. Co 


A. P. Smith Mfg. Co 
R. D. Wood & Co 
= Soda Ash: 
Arnold, Hoffman & Co 


PAGE 


Diamond Alkali Co 

Isaac Winkler & Bro 
Soda, Caustic: 

Arnold, Hoffman & Co 

Diamond Alkali Co 
Stacks: 

Biggs Boiler Works Co 

Penstock Construction Co 
Steel Plate Construction: 

Biggs Boiler Works Co 
Sulphate of Alumina: 

(See Alum) — 


Tanks, Mixing: 
Dorr Company 
Tanks, Steel: 
Biggs Boiler Works Co 
Penstock Construction Co 
Tapping Machines: 
auber Brass Mfg. Co 
Mueller Company 
A. P. Smith Mfg. Co 
Tapping Sleeves: 
(See Sleeves & Valves, Tapping) 
Tires, Fire Engine & Truck (Pneu- 
matic): 
Firestone Tire & Rubber Co... 
Turbines, Steam: 
Allis-Chalmers Mfg. Co 
DeLaval Steam Turbine Co.... 
Turbines, Water: 
DeLaval Steam Turbine Co.... 


Valve Boxes: 
John Fox & Co 
Kennedy Valve Mfg. Co 
Ludlow Valve Mfg. Co 
Mueller Company 
Rensselaer Valve Co 
A. P. Smith Mfg. Co g 
R. D. Wood & Co cover 2 


Valve Inserting Machines: 
A. P. Smith Mfg. Co 
Valves, Check, Flap, Foot, Hose, 
Mud & Plug: 
Ludlow Valve Mfg. Co 
Valves, Compounding: 
Union Water Meter Co 
Valves, Gate: 
Farnan Brass Works 
Glauber Brass Mfg. Co 
Kennedy Valve Mfg. Co 
Ludlow Valve Mfg. Co 
Mueller Company 
Renssclaer Valve Co 
A. P. Smith Mfg. Co 9 
U. S. Cast Iron Pipe & Fdy. - 
3 


40 
48 
39 
40 
21 
48 
21 
43 
21 
48 
Pumps, Diaphrag Hand & 
14 17 
48 
49 
49 
Lut JPOIG ose 
36 
La 
Shovels, Underground: 
Allis-Chalmers Mfg. Co........ 
ae Sleeves & Valves, Tapping: 
Ludlow Valve Mfg. Co........ 28 > 
Mueller Company.............. 53 
Rensselaer Valve Co........... 45 ‘a 
... Cover 2 


PAGE 
Valves, Gate (Continued): 
R. D. Wood & Co......... cover 2 
Worthington Pump & Mach. 
Valves, Regulating: 
Golden-Anderson Valve Spec. 
Mueller Company............-- 53 
Ross Valve Mfg. Co............ 4 
Union Water Meter Co......... 41 
Water Cranes: 
Ludlow Valve Mfg. Co........ 28 


Water Softener (Zeolite): 
American Zeolite Corp......... 35 
Water Softening Plants: 
American Water Softener Co... .32 
- The Dorr Company ........... 43 


ADVERTISEMENTS 


PAGE 
Hazen & Whipple.............. 14 
Permutit Company............ 57 
Water Waste Detection: 
Simplex Valve & Meter Co..... 29 
Paint: 
M. B. Main...... 


Waterproof Paint Co........... 61 
Waterproofing, Reservoir: 

Waterproof Paint Co.......... 
Well Screens: 

Edward E. Johnson, Inc....... 18 
Wrought Iron Pipe: 

(See Pipe) 


Zeolite (Water Softener) : 
American Zeolite Corp......... 35 


ee 


} 
=) 


ya PAGE 
= 


ALPHABE “TIC AL LIST OF 


ADV ER’ 


PAGE 
Allis Chalmers Mfg. Co.......... ! 58 Le Motte Chemical Products Co.. 
ss Alword, Burdick & Howson. 13 cover 3 
Sat. Ambursen Construction Co...... 13 Leadite Company, The....... cover 4 
oe “2 American Cast Iron Pipe Co..... 34 Lock Joint Pipe Cu.............. 2 
ae American Public Health Asso.... 46 Ludlow Valve Manufacturing 
American Zeolite Corp........... 3 > 
rnold Hoffman & Co............ 38 Main Hydraulic Pkg. Co....... 
Badger Meter Co................. 59 McWane Cast Iron ee 31 
Fee 39 Metcalf and Eddy............... 14 
Biggs Boiler Works Co........... 21 Mueller Company............... 53 
Blaisdell, Hiram W.............. 13 
National Cast [ron Pipe Company. 39 
$3 National Meter Company........ 44 
National Water Main Cleaning 
Burns & McDonnell Engineering Company 56 
Cement Lined Pipe 27 Penstock Construction 48 
Central Foundry Co............. 25° permutit Company eaves 
Chapman & W., Ine.. 12 Pitometer Company, The........ 14 
Chester, J. N ngineers ........ 13 Pittsburgh Equitable Meter Com- 
Chicago Pneumatic Tool Co...... 11 ii ‘ 
Cleveland, H. Burdette........... 15 
Cole, Maward S.................. 13 ‘ 
Conard and Buzby............... 13 Rensselaer Valve Co............. 45 
 DeLaval Steam Turbine Co...... 4g Republic Flow MetersCo......... 47 
_ Diamond Alkali Co.............. 40 Ross Valve Manufacturing Com- 
43 Sanborn & Bogert................ 15 
- East Jersey Pipe Co............. 38 Scofield Engineering Co.......... 15 
Firestone Tire & Rubber Co..... 17 Sterling Oo 
Ford Meter Box....... 42 Sullivan Machinery Co 29 
- Gamon Meter Company.......... 20 Thomson Meter Company........ 30 
Ganz, Albert Inc eoececcecseeece 14 Union Water Meter Company. 41 
General Chemical oe. retees 54 United States Cast Iron Pipe Co. 23 
General Pipe Cleaning Co.. 89 
Glauber Brass Mfg. Co.. 36 Van Cleve Laboratories, Inc..... 15 
a Valve Specialty Vermeule, Cornelius C.......... 15 
ons 14 Wallace & Tiernan Co., Inc...... 37 
Wanted 
Hersey Manufacturing Company. 51 Warren Foundry and Pipe Com- 
Hill, Nicholas S., Jr............. 14 18 
International Meter and Specialty Waterproof Paint Co............. 61 
White Co., Gilbert C............ 15 
Johnson, Edward E., Inc......... 18 Winkler, Isaac & Bro.. 
Kennedy Valve Mfg. Oe 26 Wood. R. D. & Co........... 


Kirchofier, William Gray......... 


Enter 


re 
‘ 


iv 


VOL. 19, NO. 


4 


BY THE 


AMERICAN WATER WORKS ASSOCIATION 


SECRETARY'S OFFICE, 29 WEST 39TH STREET, NEW YORK 
EDITOR’S OFFICE, 16 WEST SARATOGA STREET, BALTIMORE, MARYLAND 


Subscription price, $7.00 per annum 


Entered as second class matter April 10, 1914, at the Post Office at Baltimore, Md., under the act of August 24, 
Acceptance for mailing at special rate of postage j stew wr + for in section 1103, Act of October 3, 1917; 


Coprricut 1928, sy rHe AMERICAN Water Works ASSOCIATION 


Made in United States of America 


48TH ANNUAL CONVENTION 
oR , SAN FRANCISCO, CALIFORNIA, JUNE 
“JUNE, 1928 
ae 
AM 
ER W | 
ASSOCIATION 
Ar Mount Royrar anp 
Guitrorp Avenvzs, BALTmorE, Mp, 
: 
‘4 


¥ 


Mathews Fire 


8. PAT, OFF.) 


“THE RECOGNIZED STANDARD” 
For Domestic or High Pressure Service. 


FROST PROOF---AUTOMATIC POSITIVE DRAIN 
CORRECTLY DESIGNED---RUGGEDLY CONSTRUCTED 
FEW PARTS---MINIMUM UPKEEP AND REPAIR 


EXTENSION SECTION 


and ‘the outer casing make Mathews 
H 


GATE VALVES © 
For All Purposes 


_ VALVE BOXES--INDICATOR POSTS 
CAST IRON PIPE 


(Sand-Cast or “Sand-Spun” Centrifugally Cast) 


R. D. ies: & co. 


PHILADELPHIA, PA. 


Worcester, Mass. Chicago, Hlinois 
Peteraburg, Va. Cleveland, Ohio 
Lake Worth, Fla. San Francisco, Cal. 
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Fe Fifty reprints, with covers, of articles will be - 
: furnished to contributors free of cost, provided are — 
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Em Tight!” 
Cries Old Man Tubercle 


(Apologies to K. C. B.) 


OLD MAN Tubercle’s TO STOP. CONFRONTS HIM! 


* * * * * 
NOT SO strong. IT SEEMS as though HOWE’ER HE tries, 
HE’S SOFT and damp WITHGIANT’Sstrength HE 
* * * 
AND SPONGY. HETOOKech |  j|é§ ‘HEWATER. 
BUT YOU shouldsee SINGLELENGTH 11S EVERY curve 


WILL SURELY serve 
HIS GHOULISH glee AND CRUSHED its walls see 
8 A PEOPLE still 
HE finds UNTIL NO flow 
SINGLE length OF WATER gets 
* * * ITS WALLS, you see, 
“ORDINARY” Pipe. BETWEEN THEM. 2 
TAKES delight, BUT WHAT a change 
REMAIN THE same 
BOTH DAY and night, COMES OVER him Ae. ae 
FOREVER. 
THE WATER'S flow WHEN “LOCK Joint’? Pipe I THANK you. 


LOCK JOINT PIPE CO., Ampere, N. J. “a 


LOCK JOINT CONCRETE PIPE 
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Chlorination! 
NHLORINATION, to be effective, must be 
continuous. Interruptions in service, no veo 
matter how slight or short, are highly dan- . 
gerous. 
The rugged, foolproof Paradon Chlorinator 
designed for many years of dependable service 
under the most exacting conditions. vil 
The cardinal features of a Paradon C hlorinator 
—including ‘interchangeable parts, standard 
fittings, and simplicity in design and con- _ 
struction—all spell Dependability and ‘ae 


Life. 
Sead for Booklet W1. 


PARADON MFG.CO. 
Arlington, N. J. 
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Perfected Tapping-Sleeves 

Backed by Experience! 


UR long and widespread experience 

is of especial importance in design- __ 

ing and manufacturing Tapping Sleeves. 

b As far back as 1889, our Smith Tapping 

_ Machine was invented and we have been 
continually perfecting it ever since. 


Below is pictured a typical Tapping ph 
Sleeve for use in connection with that 
machine. It has been long and thor- 
oughly tested. It is known as the Hack- 
ensack Sleeve, designed by this com- 
pany many years ago for mains where 
the continual pressure is between 90 and 
110 pounds. This sleeve is made extra 
long. Lead joints are necessary only at 
the ends of this‘sleeve. 


Associated with The Federal 


THE A.P.SMITH MFG.CO. 


AIT 


WATER WORKS 
SPECIALTIES & SUPPLIES 


Lead-Melting 


Smith Tapping 


Apparatus Furnaces 
Tapping Sleeves — 
ugs 
and Valves g 
Pipe-Cutting 
Machines 


Pressure Valves 
O’Brien Hydrants 


Valve Inserting 
Machines 


Corporation Tap- 
ping Machines 


Corporation 
Brass Goods 
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GOLDEN-ANDERSON 


Patent Automatic Cushioned 
Controlling Altitude Valves 


We have enlightened many a water user in mu- 

nicipalities, in industrial plants and on r \ 
- tothe adaptability of these Golden-Anderson 
Valves, and as to their pee of SAVING, 
and of eliminating troubl 
For automatically scaiettioles Uniform Stage 
of Water in Tank, Reservoir or Standpipes. 
Doing away with the annoyance of Freezing and 
Float Fixtures inside or outside of Tanks. 

“Three Ways of Closing These Valves:” 
ist—Automatically, by water 

rd— 

Mee May eo ~ arranged to automatically close 
when a break camer inthe mains. When neces- 
sary they may be so connected as to “work both 
ways” on a single line of pipe. 

No valves or fixtures inside or outside 


Sizes to 24 in. 
Remember! 
‘HOSTS OF REFERENCES” Made with stop starter 
Valves cushioned at all times by air attachment for centrifugal 
and water 
[No water hammer or bursting mains pumps”’ 


GOLDEN-ANDERSON 
Pat. Automatic Cushioned GOLDEN-ANDERSON 


Water Pressure Reg- Patent Automatic Cush- 


Maintsins re- ioned Float 
alves 


duced pressure regard- 
less of fluctuations on rhe carry a constant water 
: in feed water heaters by 


high pressure side. 
. Perfectly Cushioned by perfectly controlling the flow 
of eup water. 


waterandair. No met- 
al-to-metal seats. Operated by protected en- 
closed copper float. 


3. The best valve made for . 
maintaining & constant Cushioned by both air and 
water. 


low pressure where con- 

sumption is continuous. 

4. Operates quickly or Operate without hammering, 
slowly as required—No sticking or chattering. 
attention necessary. 

. Positively no hammer- 
ing or sticking Sizes 
to 24 in. 


Nn 


metal to metal seats. Made 
angle or straightway. 


Sizes 1 in. to 24 in. 


wn 


-ANDERSON GOLDEN-ANDERSON 
Bag re Cushioned Patent Automatic Double Cushioned 
Water Float Valves Check Valve 
1. Automatically Maintain Uniform W'ater Automatically a 
Levels in Tanks, Standpipes, etc. vents reverse flow 
2. Instantly Ad- of pressure. 
justed to Operate Perfect] ycushioned 


Quickly or 
Slowly 

3. Floats Swivel 
to any Angle— 
Most Satisfac- 
tory Float 
Valves Known. 


to prevent shock or 
hammer. 

Especially adapted 
for water works to 


4. No Metal-to- ee ure due to pumps 
Metal Seats — pPping. 

No Water Ham- Arranged so that 
mer or Shock. quick or slow oper- 
5. Cushioned by : ating may be ob- 
Water and Air. : ed. 


Sizes to 24 in. 


Sizesto 24 in. Angle or Globe 


Golden-Anderson Valve Specialty Co., 1215 Fulton Bldg., Pittsburgh, Pa. 
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Pumping Plant CP installed at 
Winona, Minn.—100% results. 


| "Dependability and Sustained, 
Over-All Economy | 


aE HEN properly applied, the well, hence no maintenance cost 
: air liftis unequalledforvol- on the Air Pump. The Pump 
— dependability and sus- does not wear, therefore its effi- 
tained, over-all economy. ciency is sustained throughout 


have a CP Compressor its long 

and an Indiana Air Pump failed Any number of wells can be 
to increase the flow from a well, pumped from one central power 
if the well could produce the plant. 

‘om water. An unobstructed flow of You can save money by drilling 
water, equal to the capacity of wells and pumping them with 
discharge pipe, assuresmore (P-[ndiana Air Lift Equipment. 
_ water from the well than can be 
obtained with any type of me- 
chanical pump. 


Let us show you how. Inquiry 
to the nearest CP branch will 
bring full information to you 
There are no moving ports in the — 


Chicago Tool Co. 


@ 8 Sales and Service Branches All Over the World 


we 6 East 44th Street NEW YORKN. Y. 
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WATER COMPANY 
SECURITIES 


P.W.CHAPMAN 


116 So. La Salle Street 
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DIRECTORY 


ALVORD, BURDICK & HOWSON 
J. W. Alvord—C. B. Burdick—L. R. Howson 
ENGINEERS FOR 


Water Works Sewage Disposal 


Water Purification Drainage 
Flood Relief Appraisals 
Sewerage Power Generation 
Chicago Hartford Bldg. 


JAMES M. CAIRD 


Cannon Bidg., Broadway and Second Streets 
Troy, N. Y. Assoc. Am. Soc. C. E. 


Chemist and Bacteriologist 
Water Analyses 


SPECIALTIES—Tests of Filter Plants; Exami- 
nations and Reports upon Proposed Sources of 
pny Supply; the Copper Sulphate Treatment 
for Algae; Expert Testimony. 


AMBURSEN DAMS 
Hydroelectric Developments 
Water Supply and Irrigation Dams 
DAMS ON DIFFICULT FOUNDATIONS 
AMBURSEN CONSTRUCTION CO. 
Incorporated 
Grand Central Terminal, New York 
Kansas City, Mo. Atlanta, Ga, 


THE J. N. CHESTER ENGINEERS 
J.N. Chester J. T. Cam D. E. Davis 
J. F. Laboon E. Bankson 
Hydraulic and Sanitary Engineers 


Water Works, Water Filtration, Appraisments 
and Reports, Sewage Disposal, 
Operation of Properties 


Clark Building, PITTSBURGH, PA. 


E, B. Brack N. T. VEatcH, Jr. 
A.P.Learnep E.H.Dunmire J. F. Brown 
C. I. Dopp F. M. VEatcH 


BLACK & VEATCH 


Consulting Engineers 
Sewerage, Sewage Disposal, Water Supply, Water 
Purification, Electric Lighting, Power Plants, 
Valuations, Special Investigations and Reports. 

Kansas City, Mo., Mutual Building __ 
307 South Hill St., Les Angeles, Calif. and 
36 West 44th Street New York City 


H. BURDETT CLEVELAND 


Consulting Sanitary Engineer 


Water Supply and Consultation 
Purification Investigation 
Sewerage and Reports 
Sewage Disposal Evaluation 
Refuse Disposal =~ Design 
Industrial Waste 5a Supervision of 
Treatment Construction 


TRANSPORTATION BUILDING 
225 Broadway New York 


HIRAM W. BLAISDELL 


Consulting Engineer 


Rapid Fine Sand Filtration, Machine Clean- 
ing of Sand Filters, Conversion of Uncovered 
Slow Sand Filters into Machine Cleaned 
Rapid Fine Sand with a capacity of 25 m.g.a.d. 
Sludge Removed from Sand Drying Beds and 
Re-Sanding by Mechanical Means— Removal of 
Sand trom Circular Vats. 
MAIDSTONE APARTMENTS 


1327 Spruce St. Philadelphia, Pa. 


_ EDWARD S. COLE 
_ Hydraulic Engineer 


50 Church St., New York City 


Burns & McDonnell 
Engineering Co. 
McDonnell-Smith-Baldwin-Lambert 
Consulting Engineers 


Waterworks, Sewerage, Lighting, Appraisals, 


Rate Investigations 


Kansas City, Mo., Interstate Bldg. 
Los Angeles, Cal., Western Pacific Bldg. 


CONARD AND BUZBY 


William R. Conard J. Stewart Buzby 
322 High St., Burlington, N. J 


Inspections and Tests of 
Materials 
SPECIFICATIONS 


INSPECTIONS 
TESTS 


REPORTS 
DESIGNS 


JOURNAL OF THE AMERICAN WATER WORKS ASSOCIATION 130 
| 
iF 
OF EXPERTS || | 
— — 
| 
| 
| 
= 
| 


JOURNAL OF THE AMERICAN 


WATER WORKS ASSOCIATION 


FULLER & McCLINTOCK 


Engineers 
NEW YORK, 170 Broadway 
Philadelphia, Pa. 


Pennsylvania Bldg., 
15th and Chestnut Sts. 


Kansas City, Mo, 
Walsix Bldg., 
600 Walnut Street 


F. B. LEOPOLD 
Builder of 
Municipal Filter Plants 


Experience of 25 years and more than 200 
Plants built insures Satisfaction 


House Bldg. Pittsburgh, Pa. 


ALBERT F. GANZ, Inc. 
CONSULTING ENGINEERS 


Electrolysis Surveys and Reports 
Corrosion Investigations 
Design of Mitigative Measures 


511 Fifth Avenue New York, N. Y. 


METCALF & EDDY 
ENGINEERS 
Harrison P. Eddy John P. Wentworth 
Charles W. Sherman Herrison P. Eddy, Jr. 
Almon L. Fales Arthur L. Shaw 
Frank A. Marston E. Sherman Chase 


Water, Sewage, Drainage, Refuse and 


Industrial Wastes Problems 
Laboratory 
Statler Bldg. Boston 


GORDON & BULOT 
Engineers 
Successors TO Maury & Gordon 


Water Supply and Purification 
Sewerage and Sewage Disposal 


Design Appraisals Reports 
Chicago, 53 W. Jackson Blvd. 


ARTHUR L. MULLERGREN 
CONSULTING ENGINEER 
SPECIALIST IN 


Electric Light, Power and 
Water Pumping 


555 Gates Bldg. Kansas City, Mo. 


HAZEN & WHIPPLE 


Civil Engineers 


Malcolm Pirnie 
L. N. Babbitt 


WATER WORKS 
Design, Construction, Operation, Valuations, 
Rates 


Allen Hazen 
C. M. Everett 


25 W. 43rd Street - New York City 


PEARSE, GREELEY & HANSEN 


HypRAULIC AND SANITARY ENGINEERS 
Water Supply, Water Puri- 
fication, Sewerage, Sewage 
Treatment, Refuse Disposal 
Investigations, Reports, De- 
signs, Construction Supervi- 
sion, Appraisals and Consul- 
tation. 

6 North Michigan Ave., Chicago, Illinois 


NICHOLAS S. HILL, Jr. 
CONSULTING ENGINEER 


WATER SUPPLY—SEWAGE DISPOSAL— 
HYDRAULIC DEVELOPMENTS. 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Management 


Chemical and Biological Laboratories 
112 E. 19th St. New York City 


THE PITOMETER COMPANY 
Engineers 
Water Waste Surveys 


= Trunk Main Surveys 
= 


Water Distribution Studies 


Penstock Gaugings 
5@ Church St. New York City 


William Gray Kirchoffer 


Sanitary and Hydraulic Engineer 
Madison, Wis. 

Designe for development of underground 
water supplies, wells with concrete 
ecreens, high efficiency air lift 
pumps, and iron removal 
plants. 


ALEXANDER POTTER, 
CONSULTING ENGINEER 


Specialties: Water Supply and Sewerage 
8 Church St. New York City 
Telephone 5501 Cortlandt 
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CLYDE POTTS 


M. Am. Soc. C. E. 
CONSULTING SANITARY ENGINEER 


30 Church Street - - New York 


Sewerage and Sewage Disposal, 
Water Works and Water Supply, 
Reports, Plans, and Estimates. 


WATER ANALYSIS 


Our Laboratories are equipped with 
standardized apparatus for water 
analyses. 

Our graduate chemists render de- 
pendable reports. 


VAN CLEVE LABORATORIES, Inc. 
322 So. 4th St., Minneapolis, Minn. 


Sanborn & Bogert 
CONSULTING ENGINEERS 
Water Supply, Sewerage, 
Dams, Tunnels and Founda- 
tions. Concrete Structures. 


New York 30 Church St. 


CORNELIUS C. VERMEULE 
Consulting Engineer 
Water Supply Sewerage 


Investigation, Design, 
Construction, Evaluation 


38 Park Row New York 


Scofield Engineering Co. 
CONSULTING ENGINEERS 
Water, Gas, Electric Plants 

and Distribution Systems 


Appraisals, Valuations and Reports 
esign—Supervision—Operation 


Weston & Sampson 


Robert Spurr Weston G. A. Sampson 


Consulting Engineers for Water Su upply. Water 
Purification, Sewerage, Disposal of Sewage, and 
Municipal and Factory Wastes. Operation of 
Purification Plants and Sanitary Analyses. 


PHILADELPHIA, PENNA, 14 Beacon St. Boston, Mass. 
GILBERT C. WHITE Co. 
C A N Consulting Engineers 
a Gilbert C. White, C. E., Pres. 
You afford M. Am. See. C. 
Clarence E. B h, E Cecil C. F 
NOT M. Am. Soc. CE. er 


to have your ad. in 
this space 


STREET !MPROVEMENTS 
ASPHALT ANALYSES 
ELECTRIC LIGHTING 


DURHAM, N.C. 


WATER WORKS 
POWER PLANTS 
SEWERAGE 


ADVERTISING 


in this J OURNAL means 
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Save Money 
Time and Effort 


with this 
Efficient Instrument 


HONE 


Above isa miniature picture 
of one of the most versatile 
and economical tools ever 
offered to the Water Works 
lines and at the price we sell 
same makes it the biggest 
values ever offered to Water 
Works Dept’s. 


Locates and Identifies 
Water Works Troubles 


—Over 1,000% On Its Investment 


The TRANSMIT-O-PHONE 


to one customer. 


- The huge Water System of the Pennsylvania Railroad 
Co. are users and boosters of our Twin Model—Trans- 
mit-O-Phones as well as a very large number of other 
Water Dept’s and Companies. 


Water Works valued at $59,000,000 are included in the 
above Railroad System. Twelve water companies are 
operated by this Railroad under the direction of a sep- 
arate organization. One alone in the Pittsburgh dis- 
trict operates a large plant with 145 miles of Piping, 
all of which are boosters for this little inexpensive and 
meritorious tool called a TRANSMIT-O-PHONE. 
Write us for proofs. 


New “Twin” Model 


Exclusive features make it 
possible to hear sounds from 
two different places separ- 
ately and distinctly with 
this new model. Gives ab- - 
solute accuracy in running vidual send P. 


down defects and troubles 


Also Used To: 


Locate Hidden Pipes, Leaky 
Valves, Drain or Sewer Stop- 
pages. Defects in Gasoline 
Motors, Gears, etc., Defects 
in Engines and Pumps, all 
Dept’s connected with Water 
Works, Plumbing and Heat- 
ing pipe lines. 


THE TRANSMIT-O-PHONE COSTS 
LIVERED TO YOUR ADPRESS. 


Pin COUPON below to your business letter-head; we 
will ship on a three days approval basis and invoice 
same with the understanding: 
of jits merits return both at our expense. 


International Metal & Specialty Co., 
48 Central Ave., Berlin, N. J., U. 8. A. 


Send one of your Transmit-O-Phones on your 3 days approval basis. 


if you are not convinced 


S ONLY $15, DE- 


If an indi- 
O. Order, and if not satisfied after 3 
days, return same and we'll return your money. 


Pe 
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Under the Firestone safety tread is the 
famous Gum-Dipped carcass— built of 
cords dipped in a rubber solution, which 
insulates every fiber of every cord, and 
strengthens the whole structure of the 
tire. In Gum-Dipped Tires, friction is 
minimized; there is protection from 
speed strains, heat and wear. 


Firemen endorse the Firestone non-skid 
tread, because it is scientifically de- 
signed to meet today’s traffic problems— 


MOST MILES PER DOLLAR 


Firestone 


iyo = 
RE: : Gum-Dipped 
Tires and Tubes for all 
sorts of heavy duty for 
have always ‘gotten 
us there’. In emergency 
runs where minutes 
count, we can always 
depend on our ‘Fire- 
stones’ ’”’, 


LEE C. ROBERTS 
Chief Fire Department 
Fulton, Kentucky 


EXTRA STRENGTH and STAMINA 
for Emergency Needs 


to maneuver, turn and hold the pave- 
ment at high speeds, without skidding. 


No one can foresee the demands you 
may have to place upon your fire fighting _ 
equipment in some emergency. But you | 
can prepare now and be sure of a fight- 
ing chance in any situation—by having 
your local Firestone Dealer equip your ; 
apparatus with Firestone Gum-Dipped _ 
Tires. He will save you money and 
serve you better. 


G 
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JOHNSON SCREENS MAKE 
EFFICIENT AND PERMANENT WELLS 


A continuous slot gives the Permanence is insured by 
Johnson Well Screen from the use of Anaconda Red 
30 to 50% more inlet area Brass. This metal will not 
than other types. The re- corrode under the most 
sult is more water and lower _ severe conditions. 


No iron is used in the John- 


Johnson Screens will not son Screen, which eliminates 


choke or clog because the the danger of electrolytic 
slot is completely undercut. corrosion. 


Let us send you our new bulletin 
= 


EDWARD E. JOHNSON, INC. 


2304 Long Avenue Saint Paul, Minn. 


Warren Foundry and Pipe Company 
(Formerly Warren Foundry and Machine Co.) 


Manufacturers of 


Cast Tron Pipe 


Bell and Spigot Flanged 
Special Castings and Fittings, Sizes 3” to 60” 


_ Our Motto for 67 years “Quality First? 
> 


Sales Offices 


11 Broadway, New York 201 Devonshire St., Boston, Mass. 


Water Gas Sewers Drains Railroad Culverts 


= 


Also Flexible Joint Pipe 


Works: Phillipsburg, N. J. 


: 
| 
—— 
i 
== 
4 
>. —— 
= 
| 
7 
ru 
> 
x 
| 
4 
ad | 


JOURNAL OF THE AMERICAN WATER WORKS ASSOCIATION 19 


For Durable Rust-proot 
Service Lines 


ANACONDA 85 Red-Brass Pipe 


for use with threaded fittings 


Anaconda 85 is offered as the best corrosion-resisting pipe 
commercially obtainable. This pipe contains 85% copper 
and is semi-annealed, seamless and guaranteed structurally 
sound. Anaconda 85 (Red-Brass) Pipe is recommended 
for all underground service lines with threaded fittings, 
and for conveying ground waters, particularly when drawn 
from sources of peaty origin, and mechanically filtered 
waters which may be high in carbonic acid content and 


low in alkalinity. 


ANACONDA COPPER TUBES 


for use with compression fittings 


The American Brass Company offers Anaconda Deoxi- 
dized Copper Tubing in straight lengths up to 18 ieet 
and in coils up to 60 feet. This tubing can be connected 
directly with the corporation stop without a gooseneck 
and because of its flexibility, it can readily be bent 
around obstructions in the trench. All Anaconda Service 
Tubing is specially deoxidized in order to meet more rigid 
physical requirements and withstand corrosion better. 


THE AMERICAN BRASS COMPANY 


GENERAL OFFICES: WATERBURY, CONNECTICUT 
Canadian Mill: Anaconda American Brass Limited, New Toronto, Ontario 


i : Look for the green and copper 
trade mark label on every nual 


Our metallurgistshave 
studied water con- 
ditions in many differ- 
ent localities through- 
out the country, and 
the information accu- 
mulated is offered en- 
gineers who have cor- 

rosion problems to 
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DURABLE 


NEWARK 


METER COMPANY 
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and 
Dependability with Economy 


/ 1 absolute dependability and safety so desirable in force 


- mains and trunk feeders can be obtained without increase in — 
cost by using Steel Pipe. 


With thousands of miles of steel pipe in service there have been 
but few recorded breaks and not a single case of a break of a 
destructive character. The high tensile strength, high elastic 
limit and great ductility of steel combined with simplicity of in- 
spection, insures uniform quality and eliminates unknown factors. 


As manufacturers of both riveted and welded steel pipe, Biggs is 
able to give water works engineers unbiased information on the 
advantages of each kind. We will be glad to help you work out 
your problems promptly on receipt of an outline of what you 
contemplate. 


THE BIGGS BOILER WORKS CO. Akron, Ohio 


Eastern Sales Office Western Sales Office 
300 Madison Avenue, New York City 35 South Dearborn St., Chicago, IIl. 


BIGGS Rivet Pipe 


iveted and Welded 


a . “a 
Ne 
Laying high pressure water main for Chestnut Hill project 
Ss 
- 
OF 4 
= = 
4 
) 
e 
Bi 


22 JOURNAL OF THE AMERICAN WATER WORKS. ASSOCIATION 


_Know Sullivan Air Lift! 


Why not profit 
by the experience 
of others, in solv- 
ing your water 
problems? 


Many waterworks 

men who knew air 
lift fifteen or twenty 
years ago—are un- 
familiar with the im- 
portant develop- 
ments of this well 
pumping system. 


Today’s Sullivan J 
Air Lift is as unlike 
the air lift systems J 
of the past—as to- J 
day’s aeroplane is 
unlike the flying machine of 1910. 
All parts are engineered to work in 
harmony—to get the most water with 
the least air—and to make water 
supply dependable anywhere. 


Whatever your well problem, con- 
sider Sullivan Air Lift. 


Shallow Wells Made Permanent 


Only a short time ago, shallow wells in sand 
were unreliable. A brief period of pumping 
was followed by “slowing up” and finally 
complete stoppage of the well. But now, 
Sullivan Air Lift, by means of the “Air 
Made” Well, has removed this difficulty. 
Scores of “Air Made” Wells have already 
been constructed—and in every instance the 
production from these wells is steadily 
growing. 


Trouble-Free Well Pumping 


With no moving parts in the well, Sullivan 
Air Lift can keep wells in operation more 


37, 


Get 
these 
booklets 


easily than other pumping systems. ¥ 
have no inspecting or repairing of the equip- 


ment deep in the well. You have no work- 
ing barrels or sucker rods to pull. You have 
no trouble from mud or sand, crooked wells, 
or varying water levels—and the deeper the 
well, the more important these advantages 
become. 
Automatic Plants 

Or you may want an automatically controlled 
pumping system; and here again Sullivan 
Air Lift can serve you. ; AF 

Low Cost for Water San 7 

The trouble-free character of modern Sul- 
livan Air Lift installacions, the economy of 
Sullivan Air Compressors, and the experi- 
enced engineering that goes into the plant— 
all work together to give you a low cost per 
1000 g. p. m. 


Tell us about your water supply troubles. 
We can tell you how other people have met 
the same troubles and how they have gotten 
rid of them. 


Send for the latest Sullivan Booklets. 


Sullivan Machinery Company 


136 S. Michigan Avenue 
Chicago 
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Part of 9 miles of 16" dew 
Lavaud pipe, Class 100, re- 
cently laid in Tulsa, Oklahoma 


- capacity with no extra Cost © 


IZE for size, deLavaud pipe has a larger in- 


ternal diameter than other cast iron pipe. 
The great strength of deLavaud pipe, the uni- 


formity of the metal and its freedom from defects 
make this possible. And the extra carrying 
capacity of the larger diameter is further increased 
by the smooth interior surface of the pipe. 


Cast Iron Pip e In the size of pipe shown above, this increase 
Vertically Cast in internal diameter will result in approximately 
greater carrying capacity ... at no extra cost. 
Much helpful data for the Whenever there is possibility of future growth 
engineer is contained in 
the U. S. Cast Iron Pipe in demand the extra capacity of deLavaud pipe 


Handbook. Write for 
your copy now 


makes an sound investment. 


United States Cast Iron Pipe 


Birmingham 
Buffalo 
K t 
Burlington. Ne New Jersey Kansas City 
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Sandblasted-..9 


EVERY precaution is taken 


to assure our users high grade 


perfect castings. In addition f = 


= 


 tothetumblingbarrelmeth- 
of cleaning, every casting 
in the manufacture of the od 
Pittsburgh Equitable Meter clean, 
Company water meters, is wily 
cleaned by the sand blasting ba Ae 
andacid bath process. Clean J 


castings are essential to the 
efficient water meter. SB. 


| 


BRANCH OFFICES 
New York , New York 
Chicago, Illinois 
allas, Texas 

os Angeles, Cal. 


PITTSBURGH EQUITABLE J 
METER COMPANY Salt Lake 
PITTSBURGH, PA. Kansas City, Missouri 
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SERVICE BOXES 
With Stay-on Te 
Covers 
Just what you have 
been waiting for... 
Interchangeable 
with “Buffalo” 
boxes 
Ask for Monitor 
Service Box 
catalog. 


THE 
CAST IRON 
PIPE 
THAT MAKES @ 
ITS OWN 
JOINTS 


Here’s 


Dependable because it’s 100% cast iron. No 
hot lead, no cold lead, no lead substitutes, no 
pouring, no calking. Nothing to work loose, 


nothing to deteriorate 
in these flexible, de- 
UNIVERSAL PIPE 
IRON 
No bell holes to dig: No joints to calk joints as tight as the 
itself. 
THE CENTRAL FOUNDRY COMPANY wall of the pipe itself. 
Graybar Building, 420 Lexington Avenue 
Dallas San Frar 


machined iron-to-iron 
Subsidiary of The Universal Pipe and Radiator Company Wrenches the only tools. Ad- 


ge Burnuingham New York 
- 
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Where health and 
safety are at stake— 


Kennedy Valves make good 


N every municipal service, and all over the country, Ken- 
nedy Valves are demonstrating their steadfast dependability 

and permanent economy of operation. 
Chicago, for example, after thoroughly testing out Kennedy 
Valves at one of its pumping stations, purchased a large num- 
ber r in size from 24 to 54 in. for the main valve equip- 
ment another plant. New York City has continuously 
installed additional Kennedy Valves on its high pressure 
system since 1905 when Kennedys were first tried out. Bos- 
ton’s fire protection system, which proved strikingly success- 
ful on official tests, is controlled by Kennedy gate valves 
exclusively, both on mains and in the pumping stations. 
These are only a few of the cities that have proven the benefits 
of standardizing on Kennedy Valves for water supply and fire 
/ protection. On steam, air, oil, gas and chemical pipe lines as 
| well, Kennedy Valves are widely used because of the uni- 
| formly satisfactory results obtained with each installation. 


THE KENNEDY VALVE MEG. Co. 
Flmira, N. Y. 


Branches in principal cities 


KENNEDY 


VALVES~PIPE FITTINGS~FIRE HYDRANTS 
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CEMENT LINED 
SERVICE 


Does not depend on water pressure to hold — 
in shape. 


Uses standard fittings. abe 


Sixty years use proves it rustless. 
Has no harmful effect on any water. £ v4 ae 


Now standard in dozens of the most pro- cant 
gressive cities and towns. 


Inexpensive. 


| “CEMENT PIPE co. 
LYNN, MASS. 
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The Ludlow Valve Mfg. Co. 


MANUFACTURERS OF 


te 


Gate Valves 


Sluice Gates 
Check and Foot 


vYawes 


Motor and Hydraulic 
Operated Valves 


ALL SIZES—EVERY STYLE—ANY PRESSURE 
Fire Hydrants 


Simple in Construction 


Efficient Frost-Proof 


“All parts removable without digging up hy- 
drant. Special device prevents street from being 
flooded should standpipe be broken. Minimum 
expense to install and maintain.” 


Office & Works Troy, N.Y. 


BRANCH OFFICES 


New York - - 81-83 Fulton St. 
Chicago - No. 731-733 The Rookery 
Boston - - 1112 Tremont Bidg. 
Pittsburgh - 815 Oliver Bldg. 
Kansas City - - - - - - R. A. Long Building 


4th National Bank Bldg, 
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| 
| 
| 
| 
| 
| 
| 
& 
= 


JOURNAL OF THE AMERICAN WATER WORKS ASSOCIATION 


29 


Is Your Water Works 
Pumping Station 
Operating Efficiently 


Every up-to-date water works manager 
holds it essential to know at all times 
the efficiency of his plant. If pumping, 
he must know the fuel consumed and 
the amount of water pumped. Pump 
counters are unreliable, on account of 
pump slip varying from zero to 40% in 
reciprocating pumps, and on centrifugal 
pumps they are inoperative. If the sup- 
ply is by gravity, he must know the 
quantity of water flowing. 


Simplex meters provide for either one of these 
conditions by giving a continuous record of the 
flow of water. It is simple, rugged, reliable and 
accurate from the maximum down to 5% of the 
maximum flow, without material loss of pressure. 


Simplex Meter Register 


Interesting data on the ‘“‘Simplex Venturi Tube Meter’’ sent upon request 


SIMPLEX VALVE AND METER CO. 


Manufacturers of Meters for Water, Sewerage and other liquids, Rate 
Controllers, Automatic Air Valves, Regulating Valves, and 
Hydraulic Apparatus of Special Design 


6759 UPLAND STREET PHILADELPHIA, PA. 
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FROZEN!—but 
damaged 


Here is an actual photograph of a 
LAMBERT Frost-Proof Meter which 
has been frozen to an extent that would 
put the ordinary meter completely out 
of commission. 


This is made possible by a patented, 
non-corrosive yielding bolt device which 
allows the upper and lower casing, disc 
chamber and gear train to part without 
damaging the meter in any way. Five 
mn labor the only repair cost. 


THOMSON METER CORPORATION 
“i OFFICE, 50 E. 42nd STREET 


LAMBERT 


The expense and annoyance from 
frozen water meters can be eliminated 
for all time through the Installation of 
the LAMBERT Frost-proof. 


It has been proved that the LAM- 
BERT is the easiest water meter to 
take apart and put together again as 
well as the simplest, most reliable and 
accurate. 


If you are interested in other types 
of meters, we make one for every 


requirement. 


NEW YORK CITY, N. Y. 


FROST PROOF 
METERS 
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McWane precalked joints 
are a privilege—not 4 ne 
For the may 
who poyrs his oun’, we 
make the same sturdy 
bell-and-spigot pipe minus 
the joint matenals (open 
bell). Either way, you 
get the same McWane 
pipe — brute strength 
without brute weight 
tandard lengths and a 


lower joint cost 


McWANE CAST IRON PIPE CO. 
BIRMINGHAM, ALA. 


to Nature. 


k 


Nature works WITH, not against, us in 
making McWane Cast Iron Pipe! 


MeWane Pipe is cast in green (damp) 

sand. When Nature made the iron 
ore that has existed for ages in the 
earth, she did not pour the molten 
mass into dry (baked) moulds. 


: MeWane Pipe is ‘‘sand moulded 

inside and out.’’ The molten iron 
comes in contact with nothing but 
sand—Nature’s own way! No oxi- 
dation! No chilling! 
The maximum distance molten iron 
travels in the mould to make Me- 
wane pipe is measured in inches— 
not feet. Nature penalizes long- 
distance casting. 


Third: 


All this means a strong, fine grained iron, 
extra resistant to corrosion and breakage, 
but easy to cut and tap. 


12’ or 16’ lengths above 4inches in diameter. 


WRITE FOR ILLUSTRATED LITERATURE 


PACIFIC STATES CAST iROM PIPE CO. 
PROVO, UTAH 
SALES OFFICES IN PRINCIPAL CITIES 


CAST IRON PIPE 
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WATER SOFTENER COMPANY 


4 


YORK CONTINENTAL | 
JEWELL FILTRATION COMPANY 


More Than 500 Municipal Filtration Plants Installed | 


= GRAVITY FILTERS 
PRESSURE FILTERS 


FILTER EQUIPMENT OF EVERY DESCRIPTION 


_ Dry Chemical Feeders Control Tables 

Wet Feed Apparatus hs Effluent Controllers 
Loss of Head Gauges of Flow Gauges 
Iron Remoyal Plants a Water Softening Plants 


Chlorinators Zeolite Water Softeners | 


4 


Write for Our Catalogues and Bulletins 


WATER SOFTENER COMPANY 
Fourth and Lehigh Avenues 


or | ORIGINATORS OF MECHANICAL FILTRATION 
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Install It and Forget It! os 


Whether you think about it or not the Venturi Direct- 

| Acting Controller will be right on the job maintaining 
a constant rate of flow through the filter. 

Dependable service of this kind counts, especially 


in the small and medium size plants where it is im- 


practical to station highly skilled operators or where 


gin 


the operators have plenty to do without continually 
watching the filters. 

Actual installations at various plants over a period 
of two years have proved so successful that this new 
Direct-Acting Controller is now offered as the simple, 
rugged, and powerful controller for which you have 
been waiting. 


¥ 
Write for New Bulletin 232 


BUILDERS IRON FOUNDRY 
“Builders of the Venturi for 36 Years” 
9 Codding Street Providence, R. I. 


_ 
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ioneers in 


"Dine Progress | 


= Though the trails of the Forty Niners are cold 

though their glamorous deeds survive alone in 
song and story . . . pioneers are not yet done jin 
America. 

Acipco engineers are pioneers. In the photo- 
graph shown here, you see the first 16-foot bell-and- 
spigot cast iron pipe made in America. Acipco engineers 
created it to speed up and lower the cost of pipe-line 
construction. 

Since Mono-Cast’s introduction to pipe buyers, 
more than 2,500,000 feet have been put into service! 


Specify Mono-Cast Pipe in your system. 
You will find complete stocks in New York 


ss City, Chicago, Minneapolis, Kansas City, 
Dallas, Los Angeles, San Francisco, and 


Seattle. 
VISIT OUR CONVENTION BOOTH NO. 33 ear 


ie 
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| AMERICAN CAST:ERON PIPE COMPANY 
BIRMINGHANIALABAMA 
DISTRICT OFFI SUIS PRINCIPAL CITIES 
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Decals 


ZC U. S. PAT. OFF.) 


a Water Softening” 
high capacity, 


quick regenerat- ie 
ing synthetic zeolite. | 
remarkable record 
of uniform adaptabil- 
most 
varied and intensive 
conditions, invites 


universal notice. 


NEW YORK PATERSON, N. J. 
132 Madison Ave. Fifth Avenue 


Vie 
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BRASS GOODS 
| NEVER FAIL TO MAKE A GOOD 
| ss IMPRESSION - ONE THAT LASTS 


THE ONLY ° 
BRASS GOODS 


GUARANTEED 


GLAUBER BRASS MFG. CO 


5 YEARS \ aie 


JOURNAL OF THE AMERICAN WATER WORKS ASSOCIATION — 37 


Swimming Pool at - AMERICAN COUNTRY CLUB- Shanghai, China 


“SWIM IN DRINKING WATER” | 


“Q@WIMMING pool water”,—says the Surgeon General of the 
U.S. Army,—“is essentially drinking water and must be meas- 
ured by drinking water standards”. 


The drinking water standards of the U. §. Public Health Service 
limit the bacteria to 100 per cubic centimeter, and insist that the 
colon bacillus (the sewage germ) be absent in 100 cubic centimeters. 

Each day five billion gallons of DRINKING WATER meet these 
standards because the water is CHLORINATED,—sterilized with 
W&T EQUIPMENT. 

CHLORINATION makes the pool water conform to drinking 
water standards. It is particularly applicable to Swimming Pool 
Sanitation because it STERILIZES the water and its action is con- 
tinuous in every portion of the pool. 

W&T EQUIPMENT reinforced by a country wide organization is today 
sterilizing hundreds of swimming pools throughout the world. A staff of experts 
is maintained to advise on any problem connected with Swimming Pool design, 
construction, or operation, without expense to the supervising architect. 


Inquiries are invited at any of ouroffices. Technical Publication No. 41 will be sent on request. 


1e only safe water 1s da sterilized wa er” 
“The only safe wat terilized wat 


WALLACE & TIERNAN 
COMPANY, INCORPORATED 
NEWARK,- NEW JERSEY 
NEW YORK CHICAGO KNOXVILLE SAN FRANCISCO MINNEAPOLIS PITTSBURGH DALLAS 


KANSAS CITY LOS ANGELES SEATTLE ST.LOUIS BUFFALO HARRISBURGH INDIANAPOLIS 
DETROIT WALLACE & TIERNAN, LTD., TORONTO, CANADA 
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clear water-way 


means greater water capacity 


It will be readily understood why LOCK BAR 
STEEL PIPE has so much more carrying capacity. 
Obstructions to flow, causing friction, and reducing 
capacity are practically eliminated. The absence of 
obstruction and the smooth inner surface further 
eliminate opportunity for the building up within the 
pipe of deposits to restrict the pipe area. 


EAST JERSEY PIPE COMPANY — 
7 Dey Street, New York,N. Y. 


WESTERN STEEL PIPE COMPANY 
444 Market Street, San Francisco, Cal. 
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KDSON 


DIAPHRAGM—— 
PUMP SPECIALTIES 


Hand and Power Outfits 


LIGHT PORTABLE TRAILER PUMPS 


HEAVY DUTY One or Two Pump UNITS 
with 3-inch or 4-inch Suction 


Insist on GENUINE EDSON 
Pumps, Suction Hose, Dia- 
phragm with Bead, etc. 


Write for Catalogue T. 


EDSON MANUFACTURING CORP. 


Main Office and Works 
375 Broadway, Boston 
142 Raymond St., Brooklyn, N. Y. 


| 


BELLE ALKALI C0. 


BELLE, W. VA. 


CHLORINE 


Highest Purity Only 
In ‘‘White Cap”’ Cylinders 


CAUSTIC SODA 


Solid and Flake 


BELLE BRAND 


Arnold, Hoffman & Co. Inc. 


Sole Agents 
Providence New York 
Philadelphia 


Boston 
Charlotte 


CAST IRON WATER AND GAS 
PIPE 


By Sand Cast ind 
Centrifugal Processes, Fittings 
and 2” cast iron service pipe and 


fittings with prepared joint. 


SALES OFFICES 


New York Chicago 

Kansas City Los Angeles 

Salt Lake City Jacksonville 
Dallas 


NATIONAL CAST IRON PIPE CO. 


Birmingham, Alatama 


- 


“Contractors for clean- 
ing water mains. 


‘*A valuable service at a 
reasonable cost.” 


General Pipe Cleaning 
Company 


735 Commercial Trust Building 
Philadelphia, P 

p ra. 
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Automatic Pressure Control Valves 
Feed Water Filters 


Portable Fire Hydrant Heads 
Hydraulic Engines 

Hydraulic Booster Pumps 

ROSS VALVE MFG. CO., INC. TROY, N. Y. 


ESTABLISHED 1879 


NICHOLAS ENGEL 


JOHN FOX & CO. 


WATER & GAS PIPES 
FLANGE PIPE 

Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


WOOLWORTH BUILDING 233 BROADWAY 


NEW YORK CITY 


Identical Results—cAlways 


All Diamond Alkalies are made to give - 
identical results from one end of the 
year to the other. The Diamond Alkali _ 4 
you use today will give the same chem- > 


ical reaction—will have the same purity i 


and the same uniformity as the Diamond 
Alkali you purchase a year from now. 


Diamond Alkali Company 


Pittsburgh, Pa. and Everywhere 
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Worcester, 
Union Water Meter Company is one 
of the few American manufacturing 
concerns that has progressed sixty 
years under the same _ ownership. 
This pioneer company began in the 
early sixties and incorporated in 1868 
the organization which has won a 
place of leadership in the manufacture 
of water meters, valves, stops, pipe 
lining equipment and fire whistles. 


| 
8 
METER COO 
Catalog sent on request 
ew York Office: 50 Church St. 
aw iladelphia Office: 411 Bulletin Bldg. 
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14 Single Lid Covers for 
Milder Climates 


Neat, unobstructive Ford 
Meter Box Covers --- your 
meters easily accessible for 
reading and testing. he 
Ford Worm Lock prevents 
tampering but is easily un- 
locked with key. Screw- 
jack action oflock raises lid. 
Lid fits on in any position 


Meter Testing 
Equipment 
Testing machines and calib- 
rated volumetric tanks, 
They are accurate, conven- 
ient and moderate in price. 
A necessity in every water 
works. 


Meter Pit Covers 


For rectangular pits 2 feet 
by 3 feet, 3 feet by 3 feet, and 
3 feet by 6 feet. For meters 
1% inch, 2 inch and larger, 
Lids have Ford W orm Lock, 


Meter Box Covers 
with the Ford 
Worm Lock 


Made in 15, 18 and 20 inch 
sizes and with extension 
rings for 24 inch and for 


For holding the meter in the 
meter box. No tools required 
to make or unmake connec- 
tion. Piping is braced. 


Set Your Meters at the Curb 


MAIL THIS COUPON 4 


Ford Meter Box Co., 
Wabash, Indiana i4 
' Please send me your helpful ill- \{ 
ustrated catalog of water meter 
' settings and accessories. 1 


Name + 
Address - i4 
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FORD METER SETTING 
TESTING EQUIPMENT 


ASSOCIATION 


Double Lid Covers for 
Colder Climate 


Steel Forms for making con- 
crete meter box barrels and 
tile either 
straight 
Or taper- 
ing. Vari- 
ous sizes 
and leng- 
ths en- 
ables you 
tomake 
tile easily 
and at a 
very low 
cost to 
you. 


The Ford Ram's Horn 


For setting a water meterin 
a vertical basement pipe. 
Saves meter couplings pipe 
fittings, pipejointsand time. 
Providesa better, neaterand 
handiersetting atlowercost. 


Only one pipe joint in- 
stead of 6or8. Meteris 
easily set or removed, 


Ford water meter setting 
equipment will help increase 
your revenue by enabling 
you to keep your meters 
readily available for more 
frequent testing with Ford 
Meter Testing Equipment. 
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St. Louis Selects 


Four Dorr Traction Clarifiers for 
Its New Water Treatment Plant 


In the new Missouri River water treatment plant, designed 
to handle 60 million gallons per day, four 150 ft. Dorr Trac- 
tion Clarifiers will be installed. 

In normal operation two of these machines will be utilized as 
presedimentation units, to continuously remove the bulk of 
the solids from the water entering the mixing basins; the 
other two units will be operated as secondary sedimentation 
units to continuously remove the precipitated sludge from 
the softened water which flows from the mixing basins. 

The plant is so arranged that the number of clarifiers used 
for preliminary and secondary sedimentation can be varied, 
depending on the character of the water being treated. 

The decision to install Dorr Clarifiers was arrived at after 
exhaustive test work had demonstrated that large annual 
savings could be effected by Clarifier operation. 


Send for Sanitary Engineering Bulletin | 


THE DORR COMPANY 


4 DENVER ENGINEERS 


LOSANGELES 247 PARK AVENUE NEW YORK CITY Candier Bids 


WILKES-BARRE 
536 Miners Bank Bldg TORONTO 330 Bay St 319 Joplin Nationa! Bank Bidg 


THE DORR CO.LTD DORR G.m.b.H. SOC.DORR et CIE. 


16 South Street. London EC 2 Joachimsthalerstr i0 Bertin WIS 126 Rue de Provence Paris 
INVESTIGATION TESTS DESIGN EQUIPMENT 
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We make six types—Oscillating and Rotary Piston, 
Disc, Velocity, Compound and Venturi. All high 
standard goods, in all wanted sizes. The picture is of 
our Disc meter, known as the NASH. A first class, 
all bronze instrument, strong and accurate, with every 

modern improvement. Made in both frost and non- 

frost models. 


Our Nash descriptive circular is useful for refer- 
enceand comparison. Send postal for your copy. 


NATIONAL METER COMPANY 


299 Broadway 


CHICAGO BOSTON CINCINNATI ATLANTA SAN ANTONIO 
SAN FRANCISCO LOS ANGELES TORONTO, ONT. N¥y 


¥ 
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| - SOME of the POINTS OF SUPERIORITY of 
RENSSELAER TAPPING SLEEVES ; 


Require less lead for Calking 


Easier to center on pipe before pouring 


Give Extra Pipe Protection 


Bolts r 


ire No Iron Washers 


Each Size carefully designed for its Working Pressure 
a Can be used with all Standard Tapping Machines 
_ Rensselaer Tapping Sleeves are the only Sleeves on the market 
which are built with two Raised Rings which are a part of 
: the Sleeve Casting itself. These Rings are used as Stops 
a for the Hemp or Jute against which the Lead is poured to 
= make the joint. In other types of Sleeves, without Rings, 
the Lead, when poured, fills entire space up to point at 

which cut is made. 

The Raised Rings also permit easier centering of Sleeves on 
Pipe, also permit revolving Sleeve on pipe making it 
easier to tighten nuts on bolts which connect the two 
halves of the Sleeve. 

The Bolting Flanges on all Sizes of Rensselaer Sleeves are made 

the full length of the Sleeve, permitting a greater number 
Of _ bolts to be used back of point calked, giving greater 
protection to pipe at point where piece is cut out. This is 
especially important as in some cuts a hole nearly one-half 

the size of pipe is cut away. 


one, BOOK No. 11 GIVES FURTHER PARTICULARS Re 
RENSSELAER VALVE COMPANY 

TROY, N. Y. 


BRANCH OFFICES 

NEW YORK, Hudson Terminal Bldg, LOUISVILLE, Starks Bldg. 
CHICAGO, Monadnoek Bloek SEATTLE, Aretic B 

PITTSBURGH, Oliver Bldg. NEW ENGLAND, C. L. Brown, WN Mass. 
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Transactions of the International Conference 
on Sanitary Engineering, London, 1924 | 4 


Distributed in HE CONTENTS cover a wide variety of 
A subjects, including State Sanitary Ad- 
ministration; Works for the Prevention of 

Malaria and Yellow Fever; Methods of Disposal of Sewage and Trade 
Wastes in Various Countries; Treatment of Sludge Arising from the 
Agitation Processes of Sewage Disposal; Fertilizing Value of Sewage 
Sludge; Sewerage and the Control of Storm Water; Design of Sedimen- 
tation Works; House Sanitation; Refuse Collection and Disposal; 
National Control of Water Sources. _.~* Price, $4.00 


AMERICAN PUBLIC HEALTH ASSOCIATION 
370 Seventh Avenue, jo- ~~ - New York City 


The Public Health Engineering Section 


OF THE 


American Public Health Association 


IS ONE OF THE ASSOCIATION'S OLDEST AND MOST IMPORTANT DIVISIONS 


The Association extends an invitation to every sanitary engineer en- 
gaged in the control of the environment to become a member and become 
affiliated with the section of his profession. Members are entitled to all 
the services which the Association has to offer, including the American 
Journal of Public Health. This unique monthly publication gives you the 
various Committee reports of the Sanitary Engineering Section in addition 
to original articles sad -adin on the important developments in your field 
and aiso keeps you informed on important topics in all the allied fields of 
public health. Recent issues of the Journal have contained the following 
papers of interest to you: 

iti i ice; Water an i- 
Sewage Analysis and its Interpretations; Bathing Places, Report of the Committee; 7 
Incinerator Specifications and Contract Tests. 7 

Clip the coupon below for an application blank for membership or a 
sample copy of the Journal or both. 


The American Public Health Association, 
370 Seventh Avenue, New York City. 


I am interested in membership in the Association. Please send mean application blank.... 
I would appreciate a sample copy of the American Journal of Public Health................. 


1 
> 
Vame... 
\ddress . 


7 Republic Flow Meters Co. 
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HE New Republic Water Meter Bulletin is now ready for dis- 
tribution. This bulletin gives a complete survey of the value 


of meters in water works. 
It’s yours for the asking. Send for your copy today. 


_ Factory and General Offices, 2241 Diversey Parkway 
CHICAGO, U. S. A. 


DOMINION FLOW METERS co. Vt 


Toronto, Canada 


ORIGINATORS OF THE ELECTRICAL FLOW ME 


> 


ORES 
ils 
ELECTROFLO METERS 
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STEADY 
PUMPING 


(Equivalent to 78,570 
automobile miles ) 
without even valve 
grinding. 


Sterling 
High Duty 


Internal 
Combustion 
Engines 


2619 hours, delivering up to 110 H. P. at 1360 revolutions, a four cylinder Ster- 
ling pumped steadily on 8 to 24 hour service. 


From three to ten months continuous duty is frequently reported for these remarkable 
engines. If you have periodic pumping or imperative emergency work, a Sterling can doit. 


10 to 3000 H. P. for standby and peak load. 900-1200-1400 R. P. M. 
STERLING ENGINE COMPANY Dept. C-3 BUFFALO, N. Y., U. S.A. 


SULPHATE OF ALUMINA 


MANUFACTURED BY 


THE JARECKI CHEMICAL CO. 
CINCINNATI, OHIO 


FOR FULL PARTICULARS APPLY TO 


ISAAC WINKLER & BROTHER, Sole Agents 
CINCINNATI, OHIO 


| 
3 WE ARE PREPARED TO FURNISH AND 
INSTALL LONG-LIFE PRESSURE PIPE IN 
ANY QUANTITY AND IN ANY LOCALITY. 


PENSTOCK CONSTRUCTION COMPANY 
SHARON, 


New York St. Louis Tulsa Houston 
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Plenty Water at Low Cost 
SPOKANE 


N HOT July days the average per capita water consumption 
in Spokane often exceeds 500 gallons. However, DeLaval 
Centrifugal Pumps operated by cheap hydro-electric power pro- 
vide an ample supply of the purest water at an average cost for 
power of less than 1c per 1000 gal. The new combined well 
and pump pit shown herewith contains three DeLaval Pumps, 
one of 24,000,000 gal. per day against 288 ft. head at 1750 RPM., 
| one of 8,500,600 gal. per day against 430 ft. head, at 1200 RPM., 
and one of 12,000,000 gal. per day capacity against 304 ft. head, 
at 1200 RPM. A second new pump pit contains another De 
Laval Pump, also of 24,000,000 gal. daily capacity, with space 
for two additional units. 


| If interested in pumping problems of any kind, send for our new Catalog C-94, 


Laval 


Steam Turbine Co., Trenton,N.J. | 


LOCAL OFFICES: Atlanta, Boston, Charlotte, Chicago, Cleveland, Denver, Duluth, Havana, | 
Helena, Honolulu, Houston, Indianapolis, Kansas City, Los Angeles, Montreal, New Orleans, New 
York, Philadelphia, Pittsburgh, Portland, Ore., Salt Lake City, San Francisco, Seattle, St. Paul ,Spokane, 
Toronto, Vancouver. 710 
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THE CLARK METER BOX 


affords absolute protection from dam- 
age of any nature. 7 i 

Perfect Lock 
consists of one-piece phosphor — 
bolt engaging on an incline plane on 
cover to lock and likewise engages on 
a similar plane on lid to unlock. No 
rivets, bolts or screws, to rust, pre- 


3 


venting operation. 
: The Only All Bronze Meter Box Lock. 
i H. W. CLARK COMPANY 


Manufacturers of Water Works Equipment 
MATTOON, ILLINOIS 


Meter Boxes Meter Coupling Yokes Valve Boxes 

Vitrified Box Bodies Service Boxes Valve Housings 

Forms for Concrete Bodies Repair Lids Meter Testing Machines 
Meter Couplings Vise for Brass Pipe Trouble Finding Instruments 


Main’s Hotcoating for the inside of standpipes and water 
tanks, will stop all pitting and corroding, and is guaran- 
teed for seven years. 

Also 


Main’s Coverall Salt Air Paint, for the outside of stand- 
pipes and water tanks, guaranteed for four years. 


2 M. B. MAIN 
Box 189, Somers Point, N. J. 


Trade Mark You Can Prevent Wear and Cutting 
(iii: of Rods and Plungers by Using 


MABBS Bicxine 
PACKING 
LASTS LONGER 
Is Anti-Frictional. Saves Power and Money. 
Put up in 5, 10, 15, 25 and 50 lb. pails. Price $3.00 per Ib. 
We make a specialty of Rawhide Meter Washers which are superior to cork. 
MABBS HYDRAULIC PACKING COMPANY 
431 S. DEARBORN ST. CHICAGO, ILL. 


Reg. U. S. Pat. Off. 


3 # 
An 
a | 
> 
3. 
q 
iS 


EARS after unprotected meters have cor- 

roded and have been junked, Hersey Water 
Meters are still delivering faithful, accurate 
service. The dipped-tinned process is expensive 
for us—but it certainly makes a better meter 
for you. 


Hersey Manufacturing Company, South Boston, Mass. 


The Hersey Disc Piston is perfectly H E RSE EY. 


balanced without the need of WATER 


mechanical controls. That elim- 
inates internal wear and assures 
a long life of accurate registration. 


NEW YORK, N. Y., 290 Broadway : LY J DALLAS, TEX., 2301 Griffin Street 


PORTLAND, OREGON, 475 Hoyt St. CHICAGO, ILL., 10 So. LaSalle St. 
PHILADELPHIA, PA., 314 Commercial Trust Bldg. SAN FRANCISCO, Cal., 690 Market St. 
ATLANTA, GA., 510 Haas-Howell Bldg. LOS ANGELES, Cal., 450 East Third St. 


Main Office and Works: Corner E and 2nd Sts., South Boston, Mass. 
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In the life of a pipe line, forty years is a long time-— 
particularly if it is spent underground, subject within — 
and without to corrosive onslaughts. 


The pipe that can stand it is the pipe for service lines. 

That genuine wrought iron pipe has the necessary en- 
durance is clearly demonstrated by service records all — 
over the country of which the above photograph is an 
interesting example. 


Here is a two-foot section from a line laid in 1886 b 

the Atchison Water Co., Atchison, Kansas. It isstill — 
good. It was removed simply to admit a valve. The © 
line as a whole is in its 41st year of constant, uninter- — 
rupted service. 


For sixty years, Byers has made pipe from genuine 
wrought iron. Its quality today is no less than that _ 
which has already defied rust for two, even three gener- 
ations. Such, surely, is the ideal type for service — 
lines. 
A. M. (COMPANY 


Established 1864 Pa. 


BYERS PIPE 


GENUINE WROUGHT IRON 
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Mueller G 
10207 Ground 
Key Curb 


Mueiler G 
10300 Improved 
Extension Ser- 
vice Box 


Durable | 
uniform patterns 


Mueller uniform patterns meet all requirements 
for standardized waterworks practice. Mueller 
laboratory [control in manufacture insures dura- 
bility and freedom from costly maintenance. The 
proof of the pudding lies in the fact that public 
service companies the country over, have been 
using Mueller fittings for over 69 years. 

Nowhere is ability to give permanent satisfaction 
more important than with Curb Stops and Exten- 
sion Service Boxes. Ifthey’re Mueller’s you can 
install them and forget them and they’ll go right 
on earning dividends without the need of further 
attention. 


MUELLER CO. (Established 1857), Decatur, Illinois __ 
World’s Largest Manufacturers of Plumbing Brass Goods 


MUELLER 


PLUMBING BRASS AND VITREOUS WARE 
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GENERAL CHEMICAL |: 
COMPANY 


M'SULPHATE 


As Filter Alum this standard prod- 
uct of General Chemical Company 
meets every requirement of the 
i water works of the nation. The 
Among this Company's | 


products are: purity and uniformity which com- 
ACIO ' it for water purification make 


(Hydrochloric Acid ) preferable in paper mills and with 


NITRIC ACID 


Oil of Vitriol—Oleum— 


a caACETCACID, \ other users. Stocked at and shipped 

Pweand Glacial from a country-wide chain of 

And other Heavy Chemicals plants and stations. 


INSECTICIDES & Have you a handy reference catalog of 
Fey General Chemical Company products? 


Let us send a copy for your use. 


= 


GENERAL CHEMICALCOMPANY 


40 Rector St., NewYork 


BUFFALO - CHICAGO - CLEVELAND - DeNveR 

ANGELES: PHILADELPHIA: PITTSBURGH 
PROVIDENCE - SAN FRANCISCO: ST. a 


THE NICHOLS CHEMICAL COMPANY, LIMITED, MONTREAL 
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*Ohe Story of. 


ACCU RACY 


in Neptunebuilt | 


|, 


CHAPTER ] Virgin Metals accurately proportioned 
of a series for uniform mixtures 


Dictated by the Laboratory, the proportions of virgin 
ve 7 metals—copper, lead, tin, zinc—.n ‘1 rident and Lambert 
= Meters are most carefully controlled, so that each part 

TRIDENT Of each meter will best withstand operating conditions. 
, Uniform bronze, for instance, isessential for strength 
and maximum resistance to wear. Accuracy character- 
izes every step in making of Trident and Lam- 
LAMBERT bert Meters. It is the principal reason for 
their sustained accuracy in service. Watch 
for next chapter—‘‘In the foundry.” 
Of Trident and Lambert meters (“The Cash 


Registers of the Water Works Field’’) over 
4,500,000 have been made and sold the world over. 


NEPTUNE METER COMPANY | 
THOMSON METER CORP. 
50 East 42nd Street NEW YORK CITY 


‘‘Pioneers in Meter TODAY Tomorrow”’ 
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A FOR WATER EXAMINATION 
Bacto-Lactose Broth 


The presumptive test for coli in water consists of the determination of gas production resulting 
from the direct inoculation of water into tubes of lactose broth, ‘Standard Methods” formula. 
Bacto-Nutrient Agar 


For the determination of the bacterial count of water samples and for routine cultural pur- 


poses. A uniform medium insuring comparable results. Requires no filtration or adjustment. 
A “Standard Methods” medium. 


Levine’s Eosine Methylene Blue Agar, Difco 


A medium recommended for the differential isolation of fecal and non-fecal colon and aerogenes 
strains from suspected water. Conforms to “Standard Methods” requirements. PTars 


Specify “DIFCO” fe 


THE TRADE NAME OF THE PIONEERS 
In the research and development of Bacto-Peptone and Dehydrated Culture Media 


DIGESTIVE FERMENTS COMPANY 


DETROIT, MICHIGAN, U. S. A. 


CLEAN YOUR WATER MAINS 


| One does not have to be an expert mathematician 
to figure out that a clogged water main calls for a 
stronger pressure and that in turn calls for more 
= literally burning up money. We can 
| show you how to get dollar for dollar value out of 
"ibe every ton of coal. We can show you how to clean 

water mains and Send | us 


CHURCH AND DEY STREETS 
NEW YORK CITY 
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Bagged and burned out boiler 
tubes, frequent boiler shut downs 
for cleaning are just a few of the 
troubles due to oily feed water 
that are eliminated by Oil Remov 
ing Filters. 


by Oily Feed — 


There once was a chief engineer who thought he would 
be clever and save a lot of money for his firm. His pred- 
ecessor had always thrown away the condensate that was 
available for his boiler feed makeup because it contained 
a small amount of oii—but he figured it out this way. 

“For 1000 b.h.p. 75% condensate contains approxi- 
mately 78,000,000 b.t.u. in 24 hours which is the equiva- 
lent of 5 tons of coal per day. What if I do have a little 
trouble from oil, I will save between $20.00 and $30.00 
per day for my firm.” 

So he turned the condensate into his boilers, and then ... 

The boilers foamed . . . they couldn’t meet peak loads. 
Boiler tubes commenced to burn out. One boiler had to 
be entirely retubed—truined by oily feed water. Instead 
of saving money for his firm he nearly doubled their steam 
costs. 

This economical engineer could really have saved 
money for his company if he had known about Permutit 
Oil Removing Filters. They are guaranteed to remove all 
oil from water whether it is in suspension or emulsion. 
They cost not more than 34c. per 1,000 gallons to main- 
tain. They deliver water that is perfect for boiler feed. 

Don’t you think you too might benefit by knowing about 
such filters? Send for our free booklet ‘‘Saving Fuel and 
Repairs with Oil Free Feed Water.” No obligations. 


Permutit Oil Removing Filters 
occupy but little space and are 


The Permutit Company 


Apparatus for Removing Impurities from Water simple to maintain. 


MAIN OFFICE: 440 FOURTH AVE., NEW YORK—BRANCH OFFICES IN ALL PRINCIPAL CITIES 
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6” x 4° HS Pump and Hercules Model ‘‘L’’ Gasoline Engine furnished the 
Village of Middleville, Michigan 


MAKE SURE of the RIGHT PUMP 
FOR YOUR INSTALLATION 


Our extensive line of centrifugal Pumps allows us to 
select the best pump for different services regardless of 
the type of drive. For example, if the pumping require- 


7 ments are 500 G.P.M.—1oo ft. total head we might 
ae offer—a 4” x 4” type S-FH at 3500 R.P.M. for steam 
—— turbine drive—a 5” x 4” type S at 1750 R.P.M. for motor 


drive—a 6” x 4” type HS at 1150 R.P.M. for gasoline 
engine drive—an 8” x 6” type HYC at 860 R.P.M. if 
slower speed is wanted. The proper pumping unit for 
any Certain conditions means the lowest overall cost of 
doing — pumping work. 


CHALHERS 


MILWAUKEE, WIS. U.S.A 
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Offer You 
a Meter 
of True 

Valye 


BADGER METER MANUFACTURING COMPANY 
MILWAUKEE WISCONSIN 


New York City Kansas City, Mo. 
Cincinnati, Ohio 


BRANCH OFFICES: 
Les Angeles, Cal. Chicago, Il, 
Seattle, Wash, 
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NEW YORK OFFICE 


DON’T FORGET 


that the Association has headquarters in New 
York City, where we are ready to be of service 
to members when possible. When in the City 
call at the office and make it your headquar- 
ters. Have your mail directed there if you 
have not made hotel reservations, and then 
come to the office for it, or advise where you 
wish it sent. Jot the address and telephone 
number down in your note book NOW, so as 
to have it when needed. 


AMERICAN WATER WORKS ASSOCIATION 


29 West 39th Street ao os Telephone Chickering 3306 
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Aquatite is 20 years past all experi- 
mental stages; it has been used by 
hundreds of cities for tightening up 


their reservoirs. Send for specifica- 


Waterproof Paint Company 


North Hollywood, Calif. 
Convenient shipping points 


WANTED 


The Association has frequent applications from competent men looking for 
positions. Let us know your needs and we will try to put you TS. 
in communication with the right party. a. 


Inquire of Secretary’s Office, 29 West 39th Street, New York, N. 


POSITION WANTED 
An experienced Water Works Manager and Civil Engineer is seek- 
ing a position where a good education, training and wide experience 


together with loyalty and industry and dependability will be 
appreciated. 


Inquire of Secretary's Office, 29 West 39th Street, New York, N. Y. 


POSITION WANTED 


Chemist and bacteriologist with 25 years experience in charge of 
water filter plants desires a change due to political upheaval in city 
of present position. M. I. T., 1901. Present salary $4000. Ex- 
perience covers waters in East and Middle West. Would like posi- 
tion as head of laboratory or in charge of operation. 


Inquire of Secretary’s Office, 29 West 39th Street, New York, N. Y. 
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? THE AMERICAN WATER WORKS A: 


1L OF 


JOURN 


WANTED | 
WATER WORKS PROPERTIES 


Money is available for immediate 
Investment in the voting stock of 
companies having franchises and 
plants for the supply of water to 

small and large communities. 


Details, including capital structure, 
of company, gross and net earnings 
and assets and liabilities, should be 
sent, in the first instance, to 


ROOM 701, 103 PARK AVE., 
NEW YORK CITY 


suites 
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A Copy of this New Catalogue 


1 ERE is a water meter catalogue that every water 

works official should read, for it completely describes 
and illustrates in a clear, concise manner, the manufacture 
of American and Niagara Water Meters from the pouring 
of the metal to the final inspection and testing. Then too, 
_it also describes very thoroughly, just how the various types 
and sizes of American and Niagara Water Meters are specifi- 
cally designed to meet the Water Works’ many measuring 
problems. It is particularly interesting because of its sim- 
plicity, completeness, and sincerity of purpose. 

A limited supply of these catalogues are available for‘dis- 
tribution to water works officials. Should you care to 


heads. 


\JIAGARAandAMERICA 
< Water Meters 


SA 4 


RURFALO METER CO., 2914 Main St., Buffalo, N. Y. 


Please send your new catalog without obligation. 


Name..... 
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Pumping Engine at Wyoming, O., Water Works 


Years of satisfactory service. 


ATERWORKS pumps of the crank 

and flywheel type with either com- 
pound or triple expansion steam ends 
and of either the extended or opposed 
end types are much used for general 
waterworks service. 

Mr. Charles Knechtly, Chief Engineer 
of the Wyoming Water Works, Wy- 
oming, Ohio, writes: 

“In accordance with your recent in- 
quiry regarding the service we have ob- 
tained from the 12/24 in. x in. x 24 
in. cross compound condensing crank 


PUMPS 
COMPRESSORS 
OIL and GAS 
ENGINES 


and flywheel pumping engine, pur- 
chased in January, 1913, I wish to ad- 
vise that since I have been associated 
with the waterworks as Chief Engineer 
(1920) this unit has given us the best 
of service.’’ 

Worthington specializes in waterworks 
equipment and offers not only steam- 
driven reciprocating engines but also 
power-driven pumps, centrifugal 
pumps, deep-well pumps and air lift 
pumping systems for any required 
capacity. 


CONDENSERS 

and Auxiliaries 

FEEDWATER 
HEATERS 


— METERS— 
Disk, Turbine Velocity and Compound. Also Hot Water Meters and Oil Meters. 


Literature on Request 


WORTHINGTON PUMP AND MACHINERY CORPORATION 


2 PARK AVENUE, NEW YORK 


WORTHIN 


6741-7 


» DISTRICT OFFICES IN 24 CITIES 


+ 


WORTHINGTON 
3 
PRODUCTS” 
ot: 
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3 words of great importance 
in water purification work 


And elose control of the conditions indicated by these 
three words is an important factor in the quality of water 
produced, efficient coagulation, economy of chemicals 
and prevention of corrosion in the distributing system. 

Titration, litmus and other test paper methods are vari- 
able and misleading. The one scientifically accurate 
method is that of Hydrogen Ion Control. . It is fully de- 
scribed in “The ABC of Hydrogen Ion Control”—a 
practical, working hand-book on the subject which con- *, 
tains much valuable data on its application to water puti- 
fication work and allied fields, 


A complimentary copy of ABC of Ion Con- 


Cheat 
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LAMOTTE CHEMICAL PRODUCTS COMPANY 
424 Light St., Baltimore, Md., U. S. A. 


*LEADITE™— 


Registered U, S. Pat. Office 


Laid 10 miles of water main—and satisfactory 
in every particular! 


As a waterworks engineer of national 
geputation, referring to this installation 


Here is the story:— 


4 keom Second Taxing District, South The total amount of the successful bids 
a Norwalk, Connecticut, U.S.A., has for all work, excepting the furnishing of 
id just completed the installation of ap- the cast iron pipe, specials and valves, 
be Bd proximately ten miles of cast iron bell was as follows: 


2 Di and spigot water mains, varying in size Lead Joints 


from 6" to 18”. The work included the 
LEADITE 

placing of about fifty cutting-in-tees on 

existing piping and their connection to Difference 18,006 
oe 2 new work. Saving in favor of LEADITE. 8.4% 

f eS - Leadite was selected for jointing ma- The work was performed by contractors 

terial after receiving competitive bids for experienced in the use of this material 

i oe laying with lead. and was satisfactory in every particular. 


Specifications required that after lay- 
ing, the pipe should be tested for leak- 
age under water pressures varying from 
40 pounds to 115 pounds per square inch, 
and that the leakage should not exceed 
two gallons per 24 hours per linear foot 
of joint. . The results of the tests were 
well within this limit. 
This work was under the direction and B 
supervision of Mr. Nicholas 8. Hill, Jr., aouey 
Consulting Engineer, ue ong 19th it is 
Street, New York, N. Y., U.S.A. 
Leadite is used extensively by thou- 
It saves 75 07 sands of water works engineers, superin- and accept 
at least —, and contractors with excellent no imitations 
results. 


= 


‘a The pioneer self-caulking material for c. i. pipe. 


Pe ee Tested and used for over 30 years. 
THE LEADITE COMPANY 
Land Title Building Philadelphia, Pa. 


NO CAULKING 
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